D0C0BBI3 BESUHE 



ED 127 160 

TITLE . 
IHSTITDTIOH 



SPOHS £G2NCI ' 

PDB DATE 

BOTE * 

• • • 

AVAILABL2 FEOH 



2DBS PHIC2 
DSSCEIPTOHS 



IDEHTIPIEi?S .. 



SE 021 180 



A- Teacher's Introduction to Energy and Energy 
Conservation: Elementary* • 

Battelle Henorial Inst,^ Coluabus, Ohio. Center for 
laproved Education, ^hio State Dept. of Education^ 
Coiuobus. ... 
Office of Education (DHEW>-^ Washington. D^c: 
75 

93p.; For related document^ see SEd2118T; Photographs 
Bay not reproduce- well 

division of Education Bedesign and Benewal^ Ohio 
Dept. of Education^ 65 South Frost st.^ Columbus^ 
Ohio a3215, (no price quoted) 

MF-$d.83 HC-Sy.67 Plus Postage. '1 
Curricdlum; Eleaentary Education; *5leaentary School 
Science; ^Energy; *Snergy Conservation; General 
Science; *Instructional Hatei:ials; Science Education; 
♦Teaching Guides 
♦Ohio 



AESTHACT, ' ^ ^ • 

This docunent is intended to give the. elenentary 
school teacher background inforaation and general suggestions for . 
teaching units and correlated learning acSitivities related to energy' 
and energy conservation. Sections are directed to: A Problea shared 
bj 111, Causes^ what is Energy?^ Energy Sources'^ Searching for 
Solutions^ Conservation: An Ethic for Everyone^ a -glossary^ and an 
.extensive bibliography. (HH) 



♦ Docuaents acquired by E^ICT include «any informal ifnpublished 

♦ materials n^t available! from other sources. EBIC makes every effort 

♦ to obtain the best copy available, nevertheless^- items. of 'irarginal 

♦ reproducibility are often encountered and this affect* the quality 

♦ of the microfiche and hardcopy reproductions EBIC aaices ••available 

♦ via the EBIC Document Beproductioif Service (EDBS) EDBS is not 

♦ responsible for the quality pf ♦the original document. Rep35oduct'ions 

♦ supplied by BDPS are the best that can Be made from the original. 



♦ 



O ' 
t— I 

o 



ENERGY 
ENERGY 
ENERGY 



^■1 



U5 OC^AtTMCNTOFHEAl 
. jEOUCATiVOI* WELFARE 

fUTi6iarTf(STrruTc OF 

^ ipl^CAtlON 

*H»S OOCUMEW MAS '* SEEN REPRO- 
PUCEO EXAOt^ AS «etEtvEO PROM 
Tm^ person 0'jrc5RGAKiZA.T«0N0R»GJN- 
A^iNC POi<ts OF VIEW OR OPWWONS* 
StATEO OO NOT NECESSARILY PEPRE- 
SENT OFFICIAL NATIONAL INSTITUTE OF 
EOOCATlON POS'TiON OR POi.«CY 



ERIC 



A Teachers 
Introductidn To 
Energy 

and 

Energy _ 
Conservation 




EDUCflTIOnftL 
REDE/IGN (x 
REnEUJflL • 




\ 



\ 



COLWMBUS, OHIO -1975 
OHIO DEPARTMENT QF EDUCATION 

• - 2 • 



statEhBoard of education 



William H Cossler. President 

Everen L. Jung, M.D.. Vice-Presicfent 

Martha B. Agler 

William M. Baker 

Wallace E. Blake 

Walter A, Burks. Jr 

Thaddeus Garren. Jr. 

Susan '.D. George " « 

Robert W Grosser 

Daniel Jankowski 

William M.Judd 

Robert A Lyons, Sr 

Roy D. McKinley ^ 

John R. Meckstroth 

David M. Miller . ' 

David R Rittenhouse 

Anthony Russo 

Ruth S. Schildhouse 

Wayn^ E, Shaffer 

Ceal M, Sims ' 

Robert W. Walker ^ - 

Robert E. Williams 
Martha W Wise - 



Youngstown 
iRaTutttOQ^ 
Columbus 
Madison < 
,Zanesville ^ 
Cleveland 
Akron 
Canton 

Strongsvilld ^ 

Maple Heights ^ 

Cincinnati 

Dayton 

Coshocton 

Cincinnati 

Portsmouth 

Toledo 

Mayfield Heights 

Columbus 

Bryan 

Piqua 

Adena 

Xenia 

Efyria 



Martin W. Essex ^ 
Superintendent of Public Instruction 



Franklin B. Walter.*^ 
Deputy Superintendent of Public Instruction 



Virginia L Kiinkle 
Director. Division of Educational 
Redesign and Renewal 



Prepared by. 

OBattelle 

Center for Improved Educajion 
505 King Avenue 
Columbuji. Ohio 43201 

- 1975 



, FOREWORD 

Historically, American education has been responsive to the demands 
place<^ upon u by us constituents to resolve human problems^ Curriculum — 
the what of learning— is influenced by both societal advancements and 
problems 

The worldwide energy problem demands that pnority be placed upon seek- 
ing solutions Hard-hittmg shortages have brought general recopnition that 
the sources of ener^ are 'exhaustiWe. Energy to turn the multitudinous 
wheels of American industrv, to transpprt a highly mobile people, to sup- 
port the conveniences 'of homes, and to make possible recreational ac- 
tivities IS becoming more and more scarce. A complex^ of reasons con- 
. tribute to this situation, finite energy sources, the demand^ of life styles 
resulting from the technological achievement bV people throughout the 
world, comparatively Ijmited support to research, and waste. 

The energy problem touches the lives of all prfbple. Hence, schools are in- 
volved in. efforts affecting our destiny. Students of all ages must be taught 
the energy conservation ethic, which means using energy more efficiently 
and with less waste The significant understanding of sharing among 
.nation^ and world dependency fnust be acquired. And as a primary goal, 
schools are called upon to provide creative social and scientific thinking,- 
exploration, and problem -soMj^ig experiences, ir could well be that some 
youths now in school may discover untapped sources of energy: find new 
way? to adapt old sources, and invent new^machines capable <.of con- 
tributing to solutions for this complex problem. 

To assist teachers in both the elementary and secondary schools, these in- 
service guidelines on energy and energy conservation have been prepared. 
U IS our hope t\at teachers will use these materials as a starting point and 
go far beyond innhis necessary instruction, A broad effort is needed to help 
our society deal'With agrpwing problem which affects alhlives and America 
itsejty- * ^ . * - ^ 
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INTRODUCTIOW 



At no other time in the history of our country has there been a greater jieed 
for a national commitment to conserving existing energy sources and seek- 
•mg flew ones. A united effort by all Americans is necessary to fulfil! this 
commitment There is no better place or time to begin than in today's 
schools, with students who will be tomorrow's adults. It is their lives which 
will be affected by the energy practices and policies of the present. 

Th^eachdr's responsibility is a critical. one in teaching about the sources 
and uses of energy, the multi-faceted problem, and the energy conserva- 
tion ethic Attitudes, along with technology, are important in working 
toward solutions 

The Division of Educational Redesign and Renewal coorjdinates the Ohio 
Department of Education's inservice center One of the division's major 
responsibilities is the development and dissemination of INDIVIDUALIZED 
INSERVICE PACKETS, practical resources for independent study or for the 
USB of teacher-leaders working with groups of colleagues. A Teacher's in- 
troduct/on to Energy and Energy Conservation is another of these stand- 
free inservice resources. 

This material is intended to give the teacher background information and 
generaj suggestions for teachipg units and correlated learning activities. 
Section^ are directed to: A Problem Shared by All, Causes, What Is 
Energy?, Energy Sources, Searching for Solutions, Conservation. An Ethic 
for Everyone, a glossary, and an extensive bij^liogaaphy. The background in-* 
formation has been written for all teachers from the kindergarten through 
the secondary school. Four teaching units provide for the differentiation of 
instruction, kindergarten-primary, upper elementary, middle school, and 
high school level. . , » 

In addition, a slide "pocket is provided for examples of slides related to 
energy education. Teachers and students are encouraged to byild a slide 
coltectioa by taking pictures v/hich shov/ energy sources, uses, conserva- 
tion practices and industries^in the nearby community. 

The major ^oal of this inservice publication is to give the teacher orienta- 
tion io energy education and the encouragement to do researx:h and 
teaching beyond trie initia|, condensed content. Another goal is that the 
matefials will stimulate school districts to build energy education into the 
curriculum. 




WHAT IS YOUR E.Q!? (Energy, Quotient) 

1 . Why are our major fuels called fossil fuels? 

2 What are the three principal" fossH fuels? 

3 Name three nonfossil sources of energy. 

4. Of the nonrenewable fuels, which is most abundant? 

* • . • " 

5 Give examples of how thestudy of energy can be rel&ted to science. mathematic§v 
spcial studies, literature, art. music. 

6 What are tVie basic causes of the energy problem? 

7 What are positive features of the energy shortage? . • . ' ' » ' 

" 8 What two categories combined take over half ot the average American family's 
energy budget? • - • . ^ . , 

. 9 What IS the primary uae of transportation energy in our country? V 

10. Why IS electricity call^.sebandarV ener^/? * 

11. In what two ways do9s electrical power waste energy? 

* . 12. How we_Le substantial quantities of natural gasYeserves wasted? • 

13. What options do we have .to meet energy demand? 

14. How \s energy defined in physics? ' - • 

15. What are the two states of energy? , ' . 

16. What two'kind^ of energy transformations t^ke place in the sun which man has 
learned how to duplicate? 

17 The three, types of energy conversion processes are .mechanical (physical). 
• ^ .chemical, and nuclear (atomic). - 

(a) In which of these processes is waste heat generated? 

(b) Which it the primary process responsible for all the energy we have? 

(c) Which process takes place in a storage battery? . 

18. What unit is used commonly to measure potential or kinetic energy? 

1 9. How IS efficiency of the energy process defined? 

20. What are the advantages and disadvantages of electricity? 

ft 

Q 
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21 When a substance is heated, it increases the movement of atoms, therefore/ 
heat IS really whBt kmd of erfergy? " / " • 

22 Uranium, green plants, coal, natural gas, sunlight, fuel oil. oij sh»fe.* ahd 
hyclropower are sources of energy. 

(a) Which of these sources are rer^ewSble or continuous? 

(b) Which of these sources are nonrenewable or exhaustible? 

. . * * * ^ 

23 What generalizations can be made about fossil fuels? 

24: Which of the fossil fuels is most abundant inX)hio? 

25. Wh^t invention gave the impetus to supplant wood NA/ith.coal? 

26 What are some advantages in using oil or gas over coal? ' . - 

27. Which fossil fuel is the principal one not being completely XJtihzed in the United * 
States? ' - \\ 

28 What energy conversion process may ultmiately create the biggest new market ' 
for coal? , . 

29. What are possible sources of energy for the future?" 

f 

30 What change took place in November. 1970. that gave us cause to worry abOut, 
our future ofl supply? • ' , 

31. What is the goal of Project Independence? , - ' ^ 

32. Name three technology advancements being m,ade in the energy field. 

'33. What are three advantages of recycling? • 

♦ *. • ' ' 

34. What are problems in total recycling of throwaway materials? 

"\ 

35. What ways does the concern for natural environment figure in the energy 

problem? ' ^. ' ' . . . 

* • • • 

« * 

36 What factors will encourage the development of new energy resources^ 

' • ^ * ^ * > * , 

37. "What, is the energy conservation ethic? , * 

38. » How can the energy- conservation ethic be practiced in schools? 

39 Wh§t are some cdnservatiQn measures which may be practiced in the home anci 
community? 

40. How can local, state and national government .as§ist m the conservation of . 
energy? < • . ^ ' ' / 



' A PROBLEM SHARED BY ALL 



As we ane gaining a realistic view of tfie energy problem, ^e have ' 
become aware of the finite nature of fossil fuels. Our students also^ 
need a Comprehensive appraisal\before they can devise ideas for 
solutions. ' X : . 



QUESTIONS TO GUIDE YOUR READING 



At present consumption rates, when do the optimists say we wiji 
. run out of domestic oil resources in the United States? 

When do pessimists-say we will run out? • - , 

'• ... ' • . • 

How long will our dorpestic coal last? 

4n what w^ays can the study x)f energy be related to ; 

science " * r . . 

mathematics 

social studies • ' 

C ' '■ ■ . • • 

• .literature ■ > . • ' 

.- ■ ••• ' V ' 

art * • , • 

• > 

» ■ 

music? • * * • * ■ 

• What is the primary cause of the, energy problem? - 

ft. " *• 
1i ■■ T^x : ^- 



A PROBLEM SHARED BY ALL 



• We in America are a problem 
solving society. We live*in the 
spirit of "CarTdoT' and, while we 
no longer* believe that every 
prqblem has a simple solution, 
w6 beheve th^t man, if he looks 
hard enough and works hard 
enough, can do much about im 
proving his own living conditions. 
In this sen^, we, like our pioneer 
forefathers, are pragmatists. Our 
approaches to* recent problems 
continue to evidence this. 

Asf an example, putting a man on ^ 
the moon was the result of. a 
clearly idefinedAapproach to a 
specific problehi, v>ith rm^ 
plications - which reached into 
classrooms, where the challenge 
wa3 to improve science educa- 
tion. More recently, our efforts to 
clefan up the environment h^ve' 
had their roots ' in largely 
successful ecological programs in 
*the schools. There is no reason to 
assume that the readjustments 
required by a new understanding 
of the value and scarcity- of 
energy sourbes will not also have 
nheir roots in education. 

Yat, the "energy crisis" is a most*' 
perplexing problem. ' Daily, the 
headlines add to the confusion. 
We mcjst reduce oi\ imports and 
cut down 0^ gasoline consump- 
tion, yet we depend^ on nhe 
automobile for shopping and get- 
ting to work, and in Ohio many of 



our jobs to the 
industry. We turn 
thermostats and 
shiver in chilly 
to conserve natural 



us owe 
automobile 
down , the 
sometimes 
classropms 
gas, yet we are tofd that America 
has enough coal for many hun 
dreds of years if only someone 
can find ways of using it propferly. 

But we haye, at least, rqade some 
progress tovvard recognizing the 
problem. In the 1960'^, when the 
warnings became clear, many of 
us simply didnit believe them. 
Then, when we began to feel the 
pinch, some of us blamed the in-' 
^dustrial and political sectors of 
our society. It seerned in- 
conceivable that America , 
suddenly could goirom an abun- 
dance to a shortage of fuel. But 
no fdngerl We atjast are begin- 
ning* to reali'ze »what^ the 
economists have -been spying 
since *before 'today's* teachers) 
werejn school, "As the cheapest/ 
energy sources are becoming exj 
hausted, the real costs .are goin^ 
up." 



While this is a problem shared 
all of us, it is not a .situatu 
which IS all bad. As we recogni 
for example, the ^tent of oj 
dependence upon foref 
supplier^, we realize that the'L 
ited Spates • must move toward 
.self-sufficiency in energy supp 
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The longer we wait m wdrking - 
towards solutions, the fewer op- 
tions we Will have. The evidence 
IS clear that tlie era of cheap fuel 
IS ended. It is, however, not a 
matter alone of fuel becoming 
more expensive. 'The greater 
problem is diminishing availabil- 
ity based on past and present 
rates of consumption. At issue, 
therefore, is the question of our 
nation's whole val^e system. As 
readilV ; availiable domestic 
supplies of cdal, natural gas and 
petroleum dwindle, earlier values 
which haye led, itp unrestricted 
consumption mi^st yield to reality. 

HistbricaNy, energy sources have 
been supplanted by riewer, more , 
efficient sources. Early ma(i 

^ found he could augment his own * 
mljscle poy/er with the mbscle^o^, 
anirnals for a greater pow^r sup-^ 
ply As' civilization « advanced,^ 
wood became § chieT source of 
power During th6 Industrial r 
Revolution, coal supplemented 
and then replaced wood as the 
fliel to power rapidly growing and 

V expanding industry. 

Now, fuel supplies are.^anir 
Our search for alternatives 
suggests that vVe could be onrthe 
brink of another technol/gical 
revolution in energy— th/ d)sr 
covery of new -Sources a/id con- 
version processes. ^ 



The tabl^* below strikingly m 
(iidates thrat a number of sources 
of energy may be depleted withm 
the lif^^ans of students now tn 
schooli 

But '^ven this doe$ not say 
^nbiigh. As supplies of oti and 
*gas/level off and, decrease, we 
obynously will no longer be able 
^get nearly 8Q^j)ercent/of our 
^wer from then\ .Coal resei'Ves 
great, but thera^may have to 
!)e' trade-offs between coal 
nIabilitV and environmental 
factors Strip mining is the only 
cost-effective way to reach many 
6i our coaJ .reserves Nor i5 it 
economically feasible to remove 
the sirlfur in most of our 
bimmihous coal, using presently 
avaHable technology. Nuclear fuel 
reserves are far greater than the 
projected 100 year ^supply if 
technological development of ad 
^vanced nuclear power plants 
^(breeder reactor^) is cd5itipued. 
Yet, nuclear pcfwer development 
has beenf pamfully slow and is 
attended with complex en 
vii:onmental and health concerns 
Today nuclear power accounts for 
only about two percent of our 



'tptal energy budget Shale ot| 
reserves m Wyoming, Colorado, 
and Utah are great, but here 
again there are monumental 

. pollution problems. "Cooking" oil 
shale to release the oil causes 

".the rock to swell and produces 
alk^ compound^ whtch pollute 
soil and water 

The Situation is not hopeless. 
New sources of oil are being dis- 
covered New ways ^are being 
found to convert coaf'to gas New 
research is pointing to more ef- 
ficient .Oses of atomic energ.y 
And new ways are being found to 
^ use* old energy sources the 
energy of the earth, the ^un,-the 
winds and the tides. 

But all of this wffftake tjme, and 
It will- demand the use of our best 
brain power Today's children 
'.need to learn to cope with the 
situatiorf as it is being presented 
to therb^' and they must Jbe 
prepared so they may ^ do 
sogaething about it.. Providing 
energy -focused instruction will 
be an ongoing activity, for it will 
require us to stay a>ware of 
swiftly changing use patterns and 



priorities The problem ^is rpore; 
than a matter of adequate supply, 
we mi^st "decrease our rate of 
consumption^ while working 
*tcM^ard solutions-. 

Understandings about the 
sources and uses of ep^rgy and a 
commitment to energy conserva; 
tion^ require teaching-learning 
emphasis. And it is not enough 
simply 'to come up' with lists of 
"helpful hints" that students can 
take home to their parents. Cer- 
^tamly, conservation' of energy 
should start in the home. 
However, if conservation is to be 
meanH=i§fu1, there must be an un- 
.derstanding of what energy is, 
where it comes frojn, who uses 
It, why and how it is used*. 

The role of energy has bearing 
u^onvcarious school subjects. The 
correlations with ^science and 
mathematics are readily noted. 
However, there are others. The 
sun, the ijltimate energy source, 
has had a dominant influence in 
nuisiG and art. ffiStory chronicles' 
the advancement of societies in 
relationship with energy uSe. 





/ ■ 

' Our^Fuel Predicament 




U.S. Energy . 
Resources^ 


Potential Reserves 


Known Reserves 


■)■.■: ■ 

Yeait Left 


Oih 


> . 

100 billion barrels 
• 


35 billion^barrels 


'io-io . • 


/ Natural Gas. 


1000 trillion cu.ft. 


250 trillion cu.ft. 


.10-30 


Coal 
** * * ^ » 


3.25 trillion tons 


1.5 trillion tons * 


500-1000 • • • 


NucJear Fuel 
(uraniwm) 

♦ 


1.V million tons * 


.7 million tons 

^ 


10Q (-1000 with 
breeder reactors) 


Shqie Oir 


Unknown 


200 billion barrels 


Unknown 



Note. . Figures are estimates derived fram several sources. Estimates of energy resqurces 
^ very^widely^ often depending to some extent on the interests of the estimators. 



Literature tells of .the lives of peo 
pie invoi\Aed in the development 
of energv Examples arg novels 
Sujch as Richard Llewellyn s Ho/^ 
Green Was My V^Iiey and A J 
Cronm's The Stars Look Down 
The MoHy^ Maguires ^19th cen 
tury militant Pennsylvania 
nn.ners) are- the Subjects of hor> 
fiction works 



Although energy use is so much 
.a part of the daily lives of 
ATnerrcans. studies indicate a 
general lack of awareness about 
sources of energy and how 
energy is used ^\6^ generate 
poyver The sources of energy 
used today are Simply taken fof"' , 
granted 



It is hoped that students will 
xeverse this tarefree fiip of the 
s\o/ttch psychology by becoming 
fuUy ,and well informed about 
energy, uses, consumption and 
retatedoxobleme Future respon- 
sibiiity wm be upon their 
shoulders It is not too early,^even 

• at the kmdepgarten level, to begin 
thinking about new and in- 

'novative ways of saving energy 
and unlocKm^ new resources. 

For these exercises, our text can 
be the real world. as it exists and 
changes. An<J our school setting 
Itself can become a model energy 
conservation a^nter,. We can 
maintain lower temperature*, 
use lights and- paper carefully, 
and then ,m a-mathemaucs cFass 



.we can calculate the effepts to 
/see what th^y really mean Or m 
a driver education class we can 
^ study .the energy saving (as well 
as, safety) aspects of good driving 
habits In social studies we can 
study the energy consumption 
patterns of children \n other 
countries where fuel is already 
.scarce And we ran'yJsit and 
learn from people in the com; 
. munity whose job it already is to" 
, conserve energy people at the 
eiectnc company, the gaf com- 
• l^any the school custodian . . 
the school bus supenrisor , and 
others > ' -i ' * 

The possibilities for learning by 
domg and seemg for ourselves 
-5re limitless' 



CAUSES - 



Man's ability to control and develop energy sources /;ias helped to 
make- civilization possible. To sav^e civilization, he must now buy 
time for finding new energy sources by conserving the fossil fuels ^ 
that are lift. - ' .. . w' ' . 



atlESTIONS TO GUIDE YOUR READING 



What two* categories combined tal<e over half of the. American 
family's energy budget? . ■ 

; ^ . - • - .. • ••.iv/". 

What fraction of air Arrrerican- workers have'jobs associated with 
the automobile business? . . - ' - - * 

When wiN nuclear power begin tp make major contributions to our 
electrical supply? , ' ^ ■ ^ 

What is called secondary energy? . s . " 

\Nhy '\s \t caWed secondary energy? .. • ' 

• • , I *? ■ 

How did we waste substantial quantities of our natural • gas 
reserves? ■ . * 

What do we need to get to an efa of energy abundance? (one^word) , * 
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CAUSES 



From early man to the present 
progress can be* recorded m one 
vvay as a senes of technological 
jumps— each one directly related 
to energy use. Man s control of 
fire With wood as the primary fuel 
permitted him to cook and 
preserve food, to live in an 
othen\4S€^mhosp.table env.ron 
menVr^itn^al, a more concen- 
trateoNenergy source, he c^uld 
develop manufacturing and ex 
pedtte trade via steamships and 
railroads Oil and natural gas 
gave him adcted mobility and 
opened "new prospects for 
chemiCal technology. Nuclear 
energy already has permined 
s^gnificai^t ^dv^nces tn medical 
d*agnos5s a^ndtreatinent (through 
X;faysi. ii has only begun to be 
realised 'as avertable source of 
pCwer capabie of making the 
de^erj^ bloom and powering 
spacecraft Concepts. <jnheard of 
only a few years ago^sbch as fu« 
sion. utilizing the almost limitless 
hyd9>gen of the oteans as a 
primary energy source— are now 
nearly withm the realm of 
technical feasibility. 

We may be on the -threshold of an 
era- when ^her Ability to use 
almost limtfless energy will be 
shared^ by all mankind. But what 
IS needed to cross that threshold 
IS time, and that's what we're ' 
running outt>f .Man is literally in 
a race with himself. As teachBf:5, 
we, have the opportunity and the 
responstt>iHty to help make sure 
.that tomorrows Citizens under 
stand the implications of the 
, raSe: 

We are running out" ot tirne 
bec^se we are exhaustmg out 
fossil fuels on which we have 
placed great dependence. Jt 



With these fuels that we heat Our 
homes, cook Our food, operate 
Our f'actojies. and turn the 
wheels for inoving people and ' 
products These fuels have 
powered the auto age and the 
beginnings of the space age. 

A noted geologist* has described 
the Situation \ 

When the first settlers landed on 
the eastern- shore of this conti- . 
nent, they were confronted by- a 
forest that came-down to the 
water's edge. Since wood was 
the basic fuel for both heating 
and cooking, they must have 
l)een encouraged b^ xhe 
seemmgtf inexhaustible supply of 
firewood. Thts, couid h^ve been 
the ongin of the American at- 
titude towarif. energy resources^- 
namely— Our resources of fuel 
&fe so huge as to be ^virtually 
ifiexhaustible. 

As the population pusfied 
westward into Pennsylvania anff 
western Virginia, coal was dis- 
covered. txposedj)n hillsides and - 
in stream valleys, coal seamed to ' 
Ifee everywhere. 

I 

Then Jn the mid 1800\ well 
before th^ outbreak of the Civil 
War, , Oil was discovered m 
western Pennsylvania, In rapid 
succe)^ioYi, oil was found in New 
YQrk, Ohio and West Virginia, In 
*tbe early fSOO's, the search Jor 
Oil moved to the mid contment 
and then sojuthward into Arkan 
sas, Lbuisiana and Texas* Also, 
oil seemed to be almost 
everywhere, 

• * 
^Richar^ J Andersor^. Battelle 
Memorial Institute 



Neural gas^ poured from the oil 
wells in Such enormous quan 
titles that there was nothing to do 
but burn it at the well, the night 
sky wa^ lit by hundreHs of oih 
well flares. We Ididn't know what 
to do with It so we wasted it^ The 
bountiful flow of Oil and this Un- 
usable Over Supply otgas added to 
the American conviction already 
established—we • have vast 
energy resources. First ft was 
wood, then <oai,* then rtatural 
gas 

But Our convictions were based 
on assumptions, not on facts. We 
could, and did, cut down the trees 
faster than they could be Sf^wrt 
We were mming coal as fast as 
we knew how, until the gace^as 
slowed by the arrival of cheaper 
(and less' polluting) oil ^nd 
natural gas. Then oil field after oil 
field was depleted. Not that all 
the oil had, been recovered . . . 
But enough had been removed to 
lower the reservoir pressures, 
and now the oi! would not flow 
into the^ wells, and the recovery 
of the^remaining_oil could cost 
more than it was worth. We were 
running out of cheap oil. 
r 

Gas fields gradually gave up their 
reserves^ and the search for rrew 
gas depos/ts was pushed (but not 
energetically) ! , . ^ 

To make up for the shrinking 
supplies at home, the oil and 
natural gas companies increased 
imports from abroad. And all th^ 
time these critical developments 
were going on, th^re were few 
words of warning, or even cau^ 
lion /. . We were on an un- 
precedented * energy outlay ... 
Jhen^ came the oil embargo of 
late 1973. 



Clearly, we are living on.an earth 
which iS'limjted in its capacity to * 
satisfy our enormous demand for 
'energy supplied by fossil fuels. 
We must stop using energy 
which IS fed from tfiese •sources 
a$ if they would last forever 

Enerigy c<?nsumed ainjost' 
^quaily in 'i^e major sectors of . 
^our national economy, transpor- 
tatron'. residential/commercial. • 
and industrial Electricity genera- 
tion accounts for one-fourth of 
our energy consumption Elec- " 
tricity ts often calfed secondary 
eraiergy. for it requires conversion 
of 3^ primary energy ^urce.Such 
as coal, petroleu/n. nuclear fis- 
s'wn. 6r hydropower for * its 
gerreraiion 

Americans ha>7e more than 
doubled their total energy con- 
surftption in the Jast 25 years 
Demand for energy, per c*apita. 
"t)as increased by 50 percent in 
that time Clearly, our use of 
energy extends well beyond our 
neerfs'into th§ limitless category 
of wants. 

How much energy 'are we really 
consuming/ The followirtg table 
shows the 1973 erfergy budget 
for the average American family*, 
when each famify spent about 
sfeven percent of its income on 
energy. Gasoline for the family 
automobileiS) accounted for over 
a fourth of the average family's 
energy outlaV< exceeding the ex- 
pense of home* heatirig 
Ah\ericans spent almost 17 times 
as much for energy to operate 
automobiles as on public 
transportation 

Consider our affair with the ever- 
present automobile The roughly 
1(X) million -cars m this country-^ 
almo^ So percent of the world 
total— consume more than 75 
billiba gaUons of gasoline in ' 



Energy Ust In the -UnitRr States To&'ay« by Sectp'r (1971} 



-Transportation 



Residemtal/ 
' Commercial 



lodustridJ 



Bectricjfy 



P#ro§ntsg0 ^ 

of Tot^ 
Consumption < 

24 



Major 

SoufcifU) 



Extnplas Of End lim 



Petroleum .and Moving our vehicles— automobit^. 
petroleum prod- trains, planes, ahips. trudcsw 
uas {95%) 



Natural gas {40%> 
Petroleum (40%) 
Bectrichy <15%) 




Spate bfistrag and cDohng. vv^ter 
heating cooking, relrtgeration. . - , 
ajT conditioning. Jightirfg. clothes " 
drying, running appliances (f6r 
'homes, stores, offices) 

i>tatural gas (45%) O^^ting machines to produce 

Petroleum (25%) wde array of manufactured 

Coal (20%) goods. 
Bectri^aty ($%) - * 

Coal (55%) ^ctric power plants generate 

Natural gas (20%} ' electnaty for other sectors (less 
Hydfopowcr (10%)^than 50% efficient), eleanaty 
Petroleum (tO%) gsneratiori not%an end use. 



Source: Dupree and West, United States Energy Through the Y^er 2000, US. De- 
; . ' ' partment of the Interior. 1972. "^^^ 

\- ' - 



Annual Household Ene^ Budget fpr Average American Ftmfly (Mid-1973) 



Enarg/ End Vm 



Automobile 
Space Heating .r ^ 
« 

Major Appliances 
Water Hcatiing 

\ASr Conditionmg 

Lsghtmg & Other Electncal 
V Cooking 



Miscellaneous t^ti^ehold & 
Recreation 

Public Tran$portatK)n 
(Interofty. Nonbgsjness* 
Trips) 

I ( 

* (Intraoty Tnps) ' * 

Waste yeat. Bectfiaty 
Power Generation 

Refinery t.o(s m Gasoline 
Produa»oo 



Form of Entrgy i 



Equrvalant Amount 
Pfcant of Gasoline (gallons) 



Gasoline 




911 




^ Natural ^as. Oil & 
Electnoty 


273 ' 


-^7 




Bectriaty 


2.7 


88 




Natural Gas. OtJ & 
•.aectnoty 


6,2 

• 


, ' 201 


* 


BectricJty . 


1.6. 


53 




BectridtY 
• 


1-4 


46 




Natural Gas &* 
Qectridty 


13 

•I 


60 




Gasoline 


. 0£ 


20 




Jet Fael, Oiesei & , 
Electricity • 


1-7 


54 




Diesel & Electndty 


0.1 


5 




Coal. Oil« Nawral 
Gas & Nudear 


21J8 


704 

> 


» 


Petroleum 

• 


S3, 


192 




TOTALS 


100 


*a231 





Source, CHiZen ActhKGutsk to Enerpy Contervstion, Ottxeni Advisory Corrvt^ttee 
on Enyifonmental Outffty. 1973. 
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traveling more than a t/illion 
miles a year One out of six work- 
ing Americans has a job 
associated with the automqbile 
business The total annual energy 
used by passenger cars irt the 
United States (including fueUon- 
sumed, tosses in petroleum refin- 
ing to make gasoline and oiJ, 
energy used in manufacturing, 
and repairs) is equal to nearly 
150 billion gallons of gasoJine or 
one quarter of gross, national 
energy consumption While 
tranBportation energy consump- 
tion m most other countries is 
primarily for hauling goods, in the 
United States it is primarily for 
hauling people In the chart 
below, originally published in 
early 1974, tl\e US, Office 6,f 
Science and Technology 
plotted this dramatic fact ' 

T^fee decades ago, Ohio, hke 
^anv other states, was interlaced 
by a system of iriterurban 



railroads These railroads pro- 
vided cheaii reasonably con- 
venient transportation between 
population centers. Where are 
they now? 

As the cfpeaply fueled automobile 
.became America's people mover, 
our iJatterns of living, going to 
work, and shopping changed 
Attempts to replace'the auto with 
public transportation have not 
, been successful No longer do we 
walk to the grocery store, we 
diHt§Q to the shopping center 
There are signs that some of us 
are rediscovering the bicycle 
However, many people still vy^uld 
rather take the family car to 
recreatipnal . areas rather than' 
or put up with the in- 
convenience of a bus 

The fac^f the matter is that we 
are so accustomed to using abun- 
dant, cheap energy that a Sincere 
national conservation effort will 
have to be a trying one. 




It IS true that, with'six perceot of 
the world's population, 
Americans now consume one 
third of its presently available 
energy. However, the^substitution 
of mechanical energy foi* muscle' 
power has traditionally been a 
source of national pride in a 
world that acclaimed inven- 
tiveness, technology, and a fligh 
standard of Irving. 

In the midst of plenty and the ex- 
hilaration of discovery, we have 
come to dej^end almost exclusive- 
ly for energy on exhaustible, non- 
renewable fossil fuels. The fossil 
Juels* in the earth now are. for 
practical purposes, all that we 
will ever have. This dilemma is at 
the heart of man's ciirrent energy 
problems . \ 

Alarmed by the present situation, 
some of us are taking the attitude 
that this has been wrong. We 
Ipse Sight of ^at can be done to 



Transportation Wheel of Energy Consumption in the United State§ 



TRUCKS AND BUSES 22.2% 



PLANES 12.9% 



FARM 
\ VEHICLES 4.8% 



SHIPS 4 0% 




TRAINS 2 9^. 
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make world a better place 
through .the constructive use of 
technology If new power sources 
can be developed, there is no 
reason to believe that we cannot 
retain the truly meaningful parts 
of our technology and contipue to 
spread the advantages of 
mechamcal power to other coun- 
tries .dH^ until we have new 
sources, we must live prudently 

Some of today s best science 
students will be helping design 
more efficient energy conversion 
systems Meanwhile, must 
make do with mac#nes which 
are notoriously wasteful in 
design This waste is illustrated 
by the average automobile 
engine, vvhich. operates at le^s 

^ than 30 -percent efficiency A^^ 
home oil furn^e i^"^ percent 
efficient An industrial gas tur- 
bine IS only 35 percent efficient. 
A steam turbine i^ less than 50 
percent efficient jn generating 

•^electricity, and whr^n that elec- 
tricity IS transmitted long dis- 
^ tances, there 6re^ Substantial 

• losses fcom the power lines. Pru- 
dent operation of mechanical 
devices can . minimize heat 
losses— whether the heat goes 
up the chimr>€y, into the coolmg 
water of ^ power plant or is lost 
by frictroa in the brake linings of 
the family car 

• 

Well worth remembering are 
these seven thougfit-provokmg 
^energy shortage facts 



(1) No Single "new" source 6f' 
• energy is going to materialize 

suddenly and rescue us from 
today's shortages 

(2) It will be 1 977 or 1 978 before 
the Alaskarf pipelines are 
finished to. bring us oil and 
natural gas ^rom Prudhoe 
Bay 



(3; It Will be 1979 or 1980 before 
, new gas or oil deposits can be 
found off the Atlantic and 
Pacific coasts 'of the United 
, States' and brought into 
p/oduction, if indeed they ac- 
tually exist there, and if they 
can be recovered without dis- 
astrous effects on the 
environment. 

(4) New plants to pcoduce syn- 
' thetiQ natural gas or synthetic 

fuel for motor vehicles will re- 
quire at least 3 or 4 years tp 
build, even if we could decide 
now what process to employ 
It*? could be '1982 or 1985 
befoce significant supplies of 
syntTietfc fueJ begin to cir- 
j^^ujrfte through the national 
distribution system. 

(5) Nuclear realtors, on order or 
undet^ construction, take 
years,' to l^complgte. Major 
nuclear contributions, of elec- 
tricity to ttie national supply 

, are not expected before 1985. 
fToday^s nuclear share of the 
national energy budget is less 
than two percent.) 

(6) A'dvanced nuclear develop- 
ment such as commercial 
breeder reactors, could be 10 

'to 20 * years away. Fusion, 
despite new anBd encouraging 
jdiscoveriesi is still a hope for 
the 21 St qentury, not th§ 
20th.. ^ . - 

(7) Important additions to the 
normal energy budget irom 
solar, geothermal, or tidal 

- sources are not expected for 
another 10 to 20 years.* 



total energy independence in the 
very short run. Yet," to increase 
our imports will mean a gros^mg 
balance of trade deficit and possi- 
ble further devaluation of the 
dollar. The^ other option is to 
conserve wherever energy is 
used, nbt by throwing ^ay ouf 
electric toothbrushes (which e©n- 
sume a 'paltry 6/10,000ths of 
one percent of our electricity) but 
by careful and intelligent use of 
dwindling resources 



•Richard J Anderson, 
Memorial Institute 



These', facts lead to "an un- 
avoidable conclusion our only 
recourse during the next lO years 
or moiW ft to increg^e fuel im- 
ports or reduce our consumption 
may be uneconorpic to seek 



It 
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WHAT IS ENERGY? 

* ' ' ' 

We get our ability to perform work from the sbm. l\/luch energy is 
stored as nonrenewable fuel resources. To^ conserve these 
'reiource^, we must eliminate waste . . . particularly waste heat. 



QUESTIONS TO GUIDE YOUR READING 

-How isre/7er^ defined in physics? - ' 

What arf, the two forms of energy? " • . 

What two kinds of energy transformations take place Tn the sun? 

The thfeQ types of energy conversion processes are mechanical 
(physical), chemical, and nuclear (atomic). • . i ' 

(a) In which of these processes is waste heat generated? 

(b) Wltlch istfifi-process responsible .for all the ^nergy we have? 

(c) Which process takfes place in a storage battery?" 

. - «. - 

Whrat unit is used commonly to measure potential or kinetic 
energy? . i . 

When a substance is heated, it increases the movement of atoms, 
therefore, heat is really yvhat Jcind of energy? 
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WHAT IS ENERGY? 



Energy is a word used widely, t)ut 
often with little thought There 
are prpblems of meaning and 
problems m scale Sheer energy 
m a television hosiery commer 
eel may confuse youngsters/nor 
does it seem meaningful to 
equate the energy in a popular 
breakfast food with what the 
news . commentators discuss 
when they consider new 
manifestations ^ of the energy 
^crists ({hough, of course, food 
shortages and energy shortages 
are inexorably related) Fre- 
.••Cfuently, students may be con- 
fused and apprehensive, perhaps 
even turned .off Td turn them 
back on, and provide new 
awareness, it's practical to in 
troduce energy thtnkmg into 
other instructional areas, as well 
as science * 



How did th^ Pilgrims use 
energy? What energy.sources did 
you use this morning. in getting 
up and commg to school? What 
can you do each day to save 
energy, and how much can you 
save? What energy sources are 
used by the. school?" These are 
some of the questions one can 
ask 

We all know that energy is the 
capacity or ability to perform 
work What, then, is worA? Work, 
m physics, is 'a push or a pull 
^called a force) on an object 
whicb causes tKat object to move 
against a resi^T^jg force such as 
friction, gravity, or simple m^rtia. 
Since' effecting movement is 
what we mean by work, obviously 
play ts a kind of work, as are all 
human actions. 



Any moving object is capable of 
. performing work, and therefore 
possesses energy. We call this 
energy the energy of movement^ 
or kinetic energy. A roqk falling 
from a cliff into a pool of water 
. has, kinetic energy due to gravity. 
Furthermore, any siafionary ob- 
ject also possesses the capacity ^ 
for moving arid^erforming work, 
for It, tSb, IS actep uporvfey grav- 
ity, which IS oppose^d by a 
Stronger resisting force keeping 
the object* from moving. The 
stationary object, such as the 
rock on the cliff jDefore the fall, 
possesses the energy of position 
^ ox potential energy. 

'Potential anti kinetic are the two* > 
swe^ of energy. An object at any 
^iven moment is either at rest or 
^ in mption; its energy ts either . ' 



Energy Transformations— A Penduluni 




energy changing 
from Po;entUl . 
to Kinetic 



. energy changing 
I ffom Ktnetic to 



\ 



\ 




Highest Point of Swing- 
Maximum POTENTIAL Energy 
fb^ll at rest) 



Lowest PoJnt of Swing- 
Maximum KINETIC Energy 
(baYl at fastest speed) 



Highest Point of Swings 
Return to Maximum 
POTENTIAL Ener^r 
w< (ball aoain at rest) I 



allaj^n 



^fot illustrative teaching procedures, see the teaching units 
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poiential or kinetic Obviously, 
work IS done only after an object 
passes from the potential state to . 
t^^e kmetic state, when irs stored 
potential energy is released A 
swinging pencJutum illustrates 
the transformations of energy 
from potential to kinetic and back 
again • 

Several different processes may 
bring about a change m the 
energy of an object from potential 
to kinetfc these processes are 
either mechanical (physical), 
chemical, or nuclear (atomic) m 
nature 

All of these energy state trans- 
formations set sometliing m mo- 
tion whtch then has the capacity 
for performing work The very 
first process \s a nucleac process 
The sun is a continuous source of 
nuclear and thermonuclear 
energy, it releases energetic 
nuclear* particles and ' waves " 
(photons) which connnuously 
bombard the earth Much of this 
energy i& absorbed by the earth s 
atmosphere Some of it (sunlight)^ 
penetrates ttie atmosphere,* 
where it strikes green plants 
. which convert it to chemicak 
energy by a natural prc«:ess, 
photosynthesis It is this natural 
process that is responsit^le for all 
the fuel we Uuro WdcKi* t:oines 
directly fronrT green plants Coal, . 
oil, and • natural gas are the 
fossilized remains of green plants 
arid of plant ^nd animal 
organfsms which consumed 
^ them 

When chemical energy is used 
up. there rs no actual loss of 
matter That is. the combustion 
products of coal or oil weigh as 
, much as the fuel did m the first 
place But in the sun/matter is 
actually, transformed inta energy 
And. as we learn from science, 
the possible energy yield from 
tonvertmg matter is tremendous 
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In the sun there are two 
processes?; fission (the splitting of 
heavy atoms) and fusion (the^ 
combining of light ^toms) We are 
beginning to use the fission 
process directly ^o produce heat 
in nuclear power plants We have 
produced fusion energy so far 
only in the hydrogen bomb 
Man's hope for ultimate plentiful 
supplies of energy rests on better 
control of the fission and fusion 
processes 

Except in a few cases, such as 
storage, batteries, heat is always 
generated as an intermediate 
step between chemical energy 
and mechanical energy Heat 
causes air. steam, or some other 
gas to expand, and the expanding 
gas sets something m motion In 
nature, a cloud may be set m rfio* 
tion In man s environment, the 
heat can be used to drive a pistorT 
or turn a whe#l No irtechamcal 
device even approaches being a 



perfect energy conv^^er, some 
heat always is lost ip the sur- 
roundings, arid thefe-^are other 
losses when heat is g&flerated by 
friction. , 

We get most of ojjr electrical 
power from mechanic^ energy, 
requiring another conversion step 
and more' friction losses In a 
storage battery, chemiCTi energy 
IS converted directly trito elec- 
trical energy but thef^ still is 
some heat loss Devices'; for con- 
verting heat energy dxr^ctly to 
electricity are being investigated 
in the laboratory and oMrmately 
may become important assets to 
energy conservation.' • ' • ' 

When potential energy is con- 
verted to kmetic energy, heat is 
evolved,' plus.*possibly 4ight and 
sound. Actually, heat is really a 
form oi kmetic energy ' due, 
basically, to the increased nciove- 
ment.of^atorhs in tJ^e.feubstance 



Processes of Energy JrSnsformatioR 



MECHANICAL Foroe pushes or pulls on an •object causing it to overcome * 
(physical) resistance and^rf)ove. Origin of force may be man, other animal, 

plant, wnd, vfatar, mochiria, heat.^avity, nrw^netism. 

f '» ' 

«. Examples: bowling ball strikes pins; 

^ ^ plant pushes up through soil; 

tornado uproots tree; 
milk IS poured on cereal; 
% ^ . toaster pops up toast. 



CHEMICAU^ 
» 



NfutLEAR 
(atomic) 



Two or fTKjre sub^tdnces brought into contact under certain con- 
cfitions cause reacticm v^tch moves something (often expansion 
due to heat genet^edj. * 

Examples, effervescent tal>!et fizzes in water: * 
• c^ke rises in oysn: * 

match bums when struck. 

'^Tremendous potential energy holding atomic nucleus together is 
transformed to heat and light and great expansion of aif-, Soow 
matter is transformed directly to energy. processes, (a) fission 
or splitting of nudeus by bombardment with subatomic particles, 
(b) fusion or joining of two nudei under great heat and pf9ssur«. 

Examples rruclear power plants, "atomic" sub- 
marines, atom bomb (alt fission), sun's* 
surface, hydrogen bomb (fusion). 
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that IS heated Because heat is a 
result of every energy, transfor- 
mation, and because any energy 
source can be converted into an 
equivalent amount of heat, the 
measurement for heat— the 
British thermal unit (Btu)— is 
used commonly to measure 
potential or kinetic energy One 
Btu IS the amount of heat re- 
quired to raise the temperature of 
one pound of water one degree 
Fahrenheit There are about 
13.000 Btu m a pound of 
bituminous coal. 1.032 Btu in a 
cubic foot of natural gas. 132.000 
Btu in a gallon of gasoline, and 
145.000 Btu in a gallon of home 
heating oil. 

When one state or form of energy 
IS derived from another, we have 
energy -to -energy conversions: 
these are happening all the time 
around us (and even inside of 
us).' The one important thing to 
reme.mber is that you get only as 
much out of an energy-to-energy- 
conversion as you put in; only the 
forms or states of energy are 
changed when energy is (X)n- ' 
verted from one form to another. 
There's no such thing as getting 
something for nothing. 

Of all enfergy conversions oc- 
curring all the time, only a very 
'few will result m work useful to 
man. We |icrease the number of 
cooversions that generate useful 
energy through converters called 
rrhdchtnes, which transform 
energy of one form, the fuel, into 
energy of another form, the 
product An automobile engine 
converts, by burning, the fuel 
gasoline, a form of stored 
chemical energy, into the 
mechanical energy of motion. 
Our own bodies convert food into 
movement, heat, and ' all life 
fjrocesses The excess heat and 
sotind generated by an 
automobile engine are mostly 
waste energy, not useful to our.' 



purpose of moving from place to 
place 

The term efficiency of a conver- 
sion process or a machine refers 
to the ratio of useful product to 
the total amount of input (or out- 
put) As users or converters of 
vast quantities of energy, we are 
therefore conCerne(^ not only 
with the supply of energy 
availablfe to us. but equally with 
the efficiency of our energy- 
conversion processes; 

Electricity is clean, available in- 
stantly.* and easily transmitted. 
S^nce 1950. generation of elec- 
tricity in this country has in- 
creased by a factor of four. 
However, both the generation 
and transmission pf electricity in- 
volve some waste energy 
Generation of electricity— the 

• conversion of fuel to electrical 
energy— is less than 50 percent 

■ efficient in even the most^modern 
plants. In many of (he older 
plants as much as two-thirds of 
the energy generated is lost as 
waste heat whichiS^exhauSted as 
"thermal pollution" through plant 
stacks arid cooling water. Ten 
percent of the electricity actually 
generated is lost during transmis- 
sion. Newly developed and costly 
means of transrfiittmg electricity 
through chilled underground 
cables have the potential of 
reducing this loss measurably. 

We have seen that all energy 
conversions — and all our sources 
of energy— pan be traced back to 
nuclear energy in the sun. Man is 
only beginning to make use of 
nuclear energy conveVsion 

, processes on the earth. The fuel 
that is presently available for 
these processes (an uncommon 
form or isotope of uranium called 

^U-235). IS limited m extent and 
costly to obtain. Other potential 
fuels for nuclear fission, the split- 
jtmg of heavy atofns. are more 



plentiful, but they will Require 
many- years of technological 
development. Potentially, the fuef 
for • thermonuclear fusion is as 
abundant as th^ hydrogen m the 
oceans, but realistic fusion power 
may have to wait for the 21st 
century. This leaves non- 
renewable fossil fuels— coal, oil 
and- natural gas — as today's prin- 
cipal •energy sources. (Hydroelec- 
tric . power and other nonfuel 
sources account for only a small 
part of our energy ^budget.) We 
must simultaneously conserve 
our remaining fossil fuels anid 
learn how to use them as ef- 
ficiently as* possible. x 



ENERGY SOURCiES 

Coal is the only fossil fuel still widely abundant in the United 
States, but there are problems associated with mining and using it. 
Ohio is a major producer, but Ohio coal is high in sulfur content. 



QUESTIONS TO GU^DE YOUR READING 

Uranium, green plagts, coal, natural gas, sunlight, fuel oil, oil 
shale, and hydropower are sources of energy. 

V. - ' • • 

(a) Which of these ^6.urces are renewable or continuous? 

(b) Which of these sources are nonrenewable or exhaustible? 
What <are the three principal fossil fuels? 

♦ . 

... * 
Which of the fossil fuels is most abundant in Ohio? 

What percent of U.S. energy comes from petroleum and natural 
gas? ■ • 

Ohio supplies what percent of the petroleum that is used in the 
state? • ' • . . ■ ; 

At the beginning of the 20th century,* coal supplied about 90 per^, 
cent of the nonrenewable, ii^anirrtate energy in the United States. 
How mUch does it supply now? .• ■ ■ 

How many million tons of coal each year^(half of U.S.* productionfj 
come from deep underground mining? 

The remaining U.S., coal' production each year comes from what 
type of mining? , , ^ 

What is*the principal disadvantage of Ohro coal? ^ 
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ENERGY SOURCES 



Some energy is o5)tained from 
sources directly related Jj) the 
- flow of heat and light from the 
^ Sun We can term these sources, 
^afutiously. renewable or con- 
tinuous^ jenergy resources As 
long as the sun rises every mor- 
ning, its energy wiil be available 
and constantly replenished * The 
amount of solar energy received 
daily by two square miles ot the 
earth's' surface equals the energy 
released by burning 7.Q00 tons of 
r coal, or the daily energy output of 
\*Hoover Dam. However, .we lack 
the technology ta store njost of 
the syn's energy, if we knew 
how,- a year s supply of energy for 
the world could gathered from 
suniijhrt reaching the earth in 
. three hours and 1 2 minutes As a 
• 'source. 5olar energy is presently 
very costly, but extremely 
valuable. What is needed is. an 
inexpensive^means of converting 
solar radiation to useful energy. 

Other energy sources wh^ch owe 
.their existence ultimately to 
endrgy from the. sun and the 
earth s formation are stored m a 
Kind of potential energy fund." 
Their-^ supplies have, finite limits 
and, in mos.t cases, are not being 
replenished. They are 
. nonrenewable or exhaustible 
energy resourqes. 

We call these fossil fuels bfecause 
they were formed from-^^nTmal 
and vegetable matter that 

.collected at the bottorrrdf ancient 
seas and m swamps millions of 

. years ago. This debris* was buried 
by inorganic residue and -sub- 
jected to great heat and pressure 

.as well as bacterial and chemicdl 



.•A total of 13 9 X 10- Btu reaches 
the e^rth ddily 



action. The end products— oil, . 
natural 'gas, and coal — contain 
large quantities of stored solar 
energy m the form of 
hydrocarbons 
# 

We can make several 
generalization^ about the fossil 
fuels which actspunt for more 
than *95 percent of thfe laanimate 
energy supply m our state. 

• AM are fQund primarily within 
the earth artd ^jextracted at 
great cost This means expen- 
sive exploration to locate them 
(except for coal) and large' in- 
vestments of (Capital to extract 
them (especially in the case of 
off-shore petrolelim and .coal). 

• All are storable';and 
transportable-*petroleum by 
pipeline, tankeit, barge, truck 
and r.ail, ^natural gas by 
pipeline '(liquefied natural gas 
by special tanlcer and barge); 
and coal by rail arid slurry 
.pipeline. ' • 

* « 

• Oil arid, coal have important 
nonfuel uses a^ raw materials 
m prodUibtion q\ plastics, 
lubricarits, and. xh^ like. In the , 
future, many experts feel that* 
coal may actually*, -be better 
suited for (and .could be, more 

. effic'ienjiy ysed in) such npn- 
fuel' capacities (nonfuel use of 
* coal now accounts for about^ 
. " five percent of the total use).* 

1^ Because of their location, com 
position (especially when high 
in sulfur), and the process by 
which they are converted, coal, 
and .tir a much less extent, 
petroleum and gas, require an 
alieratjon of th^ landsc^e* in 

• their extraction and can 
reFease pollutants into t]he air 



and water whertn produced and 
used. 

• They ^re all larg^ burned, 
^A<01easing heat energy to per- 
form work, i 

• All are nonrenewable. 

Early in his development, man 
learned to control the release of 
^stored solar energy through fire.. 
By learning how to use this basic 
. chemical reactioa^he became the 
only spefcies capable of con 
trt)lliag Its owh environment. 
Later bame agnculturei, • the 
domestication of a.nimals, and y^e 
harnessing of the kinetic energy 
of winds and falling water, SQils, , 
windmills. a/ict water wheels. 

For .several centuries,*two kinds* 
of renewable energy soufces— 
wind and v/ater— and two^ kinds 
of nonrenewabfe sources (which ^ 
must have ' Seemed infinitely 
renewable to early users)— wood 
and coal— vied >• as the major 

• producers of ^niechanical work 
output for civilized man. But the 
scales became weighted toward 

- coal when' the steam .engine 
cam6' into being 200 M^ars ago. 

JFItt^ngly, two of the first major 
u§Bs of the steam engine were^to 
pump water from coal mines and 
to transport trai(iloads of coal to ^ 
factories.) Wind power had jts 
last great days in the, 19th cen- 
tury, before the completion of the . 
(?andma Canal,* when clipper 
ship^ brougtrt cargos around the 
tip of South Amertt^ 4 

/ - , 

In the United States, as wood 
was usM up and an expanding 
population began to demand \t\* 
dustnal products, the change to 
fossil fuels— though Jater than in 
Europe — occurred an 



accelerated rate In 1850. coal 
^ -accounted for only 10 percent of 
American fuel consumption, 
, wood for 90 percent. But by 
188&, coaPpassed^wopd, and, by 
1910, the situation of 1850 was 
reversed coal 9Ci percent, wood 
*10 percent After World Wer I, 
petroleum was 'twice as impor- 
tant as wood, though coal was 
stijl predominaat But, by 1946,, 
the petroleum fuels began to out- 
rank coal 

Known for centuries as a product 
of Oil seeps oozing directly from 
the ground in a few parts of the^ 
world, oif was first obtained by 
drilling in Pennsylvania in 1859 
For*^ hundreds pf years it- had 
relatively minor use for lighting 
and heating, but mSjor use m 
transportatron began around 
1900 Some 25 years ago, 
geologists found ' evidence af 

* lar'ge deposits of oil just off the 
Coasts of some lands, under, tlie 
ocean and under what is called 
the continental shelf. Offshore 
Oil drilling offers the major hope 

^ *for finding new oil to replace 
diminishing supplies today But 
offshore drillirig is costly and sub- 
ject to the possibilities of leakage 
which can pollute beach areas. 
Nor is it easy to extract or! . 
^ • wherever it is found. (The 

* "'gushers" so often pictured ar.e 
th^ rare exception to the normal 
recovery processu) 

» 

Oil cloes^not bccur in large reser- 
, voirs underground, but rather itjs 
found m the interstices of sand 
and rock. It is held there so firmly . 

(that often no. more than a. tenth 
of It Will come to the surface un-* 
aided by pressure. Frequently, 
"*^^en_,pwiRping is not enough 
because oil is so viscous ar^i the 
rock is relatively non -porous. 
Even With best available 
technologies, oijfy about a third 
of the Oil in any field J^ay be 
recovered When water flooding. 



gas^ injections, and underground 
combustion are used, the 
recovery may be as higth cis 70 
percent, but sgch high -cost 
processes, may not be justified 
The low price of oil has led to 
waste and has discouraged 
ptoration for new supplies 

Natural gas— previously ^vyasted 
began its popularity in th^ 194Qrs 
with the completion of pipelines 
linking gas fields with user cit/es/ 
For tvycy' decades beginning in 
1940, the consumption of natural 
S3S increased at an averagefrate 
of -6 6 percent a. year, ribpre^ 
senting nearly ^A/o-thlrds ^f/the 
growth in the country's 
production Gas is clean, 
was cheap, with price 
down by Federal regulat/ons. In 
the early 1 9'^0's, nattwral gas 
powered '43, percent of /industry 
and' heated and/.or copied the 
hom^es of 150 million Americans. 
Recent Federal refgulation 
changes have encouraged the 
development of naoiral gas 
resources by specjfyiing higher 
rates for gas ^rom.'.'nsw" weHs 
than from "old" wells, but 
because consumption s so great, 
,our gas 'reserves have an even 
shorter life -expectancf/ than our 
oil reserves. 



nergy 
it^ 
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Though available since the 
American continent v/as settled, 
coal still presents problems in 
mining and exploita 
300 million tons of 
year, half" of U.S. 
come from deep 
mimrig.. But deep 
declining because b1 



ion. About 
coal each 
production,, 
nderground 
mining is 
costs, job 
hazards, and poor wbrking con 
ditions. The other hajlf pf United 
States production of coal, comes 
from strip mmmg, and this half 
^must increase if we ai? to use 
coal IvJ fill the energyi gap. But 
Stnp mining has welMfriown en 
vironmental problemsf^ Another 
difficulty »^tj^t our-eoal reserves 



whiQ^K'^are Iqw in' sulfur lie 
pre4ominantly* to the west, away 
fr/m centers of . population. 
Ithough companies*are working 
n a nti pollution measures, 
techrfolo^y has not yet found an 
economical vyay* to' remove the. 
sulfur frorrv tiigh-sulfur coal 
before It is burned!* 

* 

Coal. IS ^e only major fossfil fuel 
whkh could be .irtilized more 
completely in ttte United States. 
No industry's a greater opplor- 
tunity to Tesp?md:Ta-.the*^i^£gy 
problem. We have -20 percent, of^ 
the- world's Supply; m fact, 89 
percent of all our fossil fuel, 
reserves are in the^form of coal 
deposits^ We also hrave relatively 
large deposits o^ of! shale; but ex- 
tracting the oil presents major 
problems ^of cost and en- 
vironmental disruption. 

^At the beginning of the 20jh cen- 
tury, coal siy)plied aboVt 90 per- 
cent of the nonc^n^wable, in- 
animate ' energy in the United*^ 
States Since that time* coal 
production ^has r^majned rela- 
nively constant but coaVs share of 
the energy budget has dropped 
drastically Meanwhile, oil and 
latural ga^ have chariged places 
with coal. 

Some 77 percent of United States 
energvj npw comes from oil and 
naturaTgas, afid reason's foV thjs 
are not hard if find. Petroleum 
fluids are easier to handle and 
use than coal solids, particularly' 
for cars and other*^ mobile com- 
bustion sources. Our massive 
high-pr.essure gas pipehne 
network 'malj^es natural gas 
available .in most -homes, gas^ 
heating units are. clean, . con- 
venient and inexpensive. Ojt 
the versatile •source of a wide 
variety of . liquid fuels and 
chemicals, and it is relatively 
easy to remove pollutiog Sulfur 



frorp ojl. Even: with price m 
creases at the purhp, gasohne is 
stiti fai;ly cheap. During theMO 
years prior to the time of the Arab 
oil embargo of 1973, gasoline 
prices increased considerably 
less than half as much as prices ' 
for other consumer items. 

* 

On the horizon are' ways of syn-, 
thesrztn^ gas and liquid fuels 
from ^oaL of converting gjn- . 
derg^(5lind^ coa] deposits to gas* 
with<ifiJt * mining them first. 
'Jfwenliy yjears-^ga gas: made from ' 
' coaf-was widely used m the Un- ^ 
ited States, and the "gas* works" 
With Its hugfe expandir>g storage 
lank was a prominent ^thougWnol . 
particularly attractrve) ieature m ^ 
the urban landscape. The 'coal 
gas(fier of 20 years ago, originally 
developed in Germany, is stiU the 
pnly one on the market. Caught 
napping because of our apparent 
« abundance of natural ^as, we 
have neglected research in coal 
gasification. Only recently have 
we begun to mend our ways. And 
the potential 13 there, providing 
we are willirtg to pay for it. Gas- 
ification may uJtimat^ly create 
the biggest new market for coal 

In^Ohio. the ener!Qy source pic- 
lure differs somewhat from the 
national picture. yVe ar^. .^.for- 
tunate in having abundant coal at 
a Mime ^when petroleum and 
natural gas are in short supply. 
But mos^t pf Ohio's coal is high Jn 
sulfur content) and much pf it i§ 
economically extractable only by 
$trip mining. 

\^ile only two percent of the 
nation's known recoverable coal 
reserves are in Ohio, ,lhis 
amounts^ to more thap 20'bi*lJion 
tons of bituminous coal. Ohio 
• supplies roughly 10 percent of 
the nation's coal and consumes 
more coal than arxy other, state 
Coal satisfies morelhan 40 per- 
cent of Onio s energy needs, far 



more tKan the national average, 
supplying 95 percent of the fuel 
for generating electricity^ in the 
state r ' ^ * , 

« 

'Ohio uses about the same 
percentage of nafural gas^for its 
energy needs as do most other 
states— .about 31 . percent— but 
canjsupply only about seven per- 
cent' of Its needs, importing the 
remainder from other states. 
RoughJy 60 percent of the natural 
gas ts used for residential pur- 
poses and • 40 percent for. 
industry. • • ' ^ 



The renj^mder of Qhio-s energy 
nfeeds §re met vyith oil, 96 per- 
cent of which IS. imported from 



other stated or supplied by com- 
panies which rely heavily on 
foreign suppliers. Ohios use of 
oil, which fs considerably below 
the national average, is mainly 
for transportation. " Jf^ 

Ohio's^^inuaPconsumptipn of 
electricity exceeds c106 billion 
kilowatt hours, ^placing the state 
third m electric power cbnsurpp- 
lion, -.behind only California and 
Texas! In residential consumption 
of»electricity; Ohio (with 26 billion' 
kilowatts) ranks sixthi betiTnd' 
Califorftra, Texas, Ftonda, NeJy^ 
York "and Pehnsyfvanig. In corrv . 
merci^ and industrial consurnp-^ 
tion, OhK) (77 billion jftowatts) 
^ ranks third, behind Californra and 
•Tpxas, ' ^ . . r * 



Consumptfpn of Fuels in Ohio (1971) 




sFiaded artsas indicate portions of Ohio fueLconsumption which pould be 
supplied 6y the state's resources, assumirvg present t^ls of production 
(less than 7 percent each for natural gas and oii, 100 percent for coal). • 

Source US Department o{ the Interior, 
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Less thsn 10 percent of^ this 
country's energv consumption is- 
presently supplied by three non 
foss*l fuels hydropower— a 
renewable, continuous source, 
wood— d questionably renewable 
one, and nuclear fission— a non 
renewable, highly controversiaf 
one' Such renewable sources as 
wind powec and §olar h^atmg^are, 
, as. old as civilization. Their pres- 
ent use 1% minimaL but their 
potential is great (They Will be 
^ dealt with the next chapter ) 

Why we have changed from one 
ener^ source to another ts an in- , 
teresting topic for discussion and^ 
speculation Historically, vOe owe 
much" of our progress to the^^an- 
sition from animate energy 
sources (horses, human backs) ig 
nonrenewable inanimate oaes 
Coal replaced wood^ because it 
was a more efficient fuel arvd* 
• because wood was becoming 
scarQe PetroleDm r,eplaced 
coal— evjen ihough substantla^ 
' reserves pi cdal remain — largely ' 
because it is' easier to use. In 
these processes, w>nd and water 
power werQ sidetracked. Water 
power re<:^ived some emphasis 
for g^nerlting hydroelectricity, 
but the lack oi availability 0/ sites 
for ilydr^lecirjc power stat4ons 
imposed a realistic Ifmit Man 
* lacked the incentive to develop 
v^nnd powqr (considered an un- 
reliable source) beyond its early 
application to, windmills. * 

^ V\friat'will the trend* be at the 
beginning of the 21st century— 
when* today's students will have 
been making the decisions about 
fuelirrg America? v * 

* . ' - 

Energy, may be obtained from the 
hot mteripr 0/ tlW earth. Geother- 
mal energy >isnargely untappred 
and additional research is needed 
to jdetermlne howi this source 

^ mpy relieve the shortage. 



The movement of water has long 
been a* useful energy source 
Although its use to an earher day 
w^s readily apparent m gnst mills 
located ,by rivers, it has never 
provided more than* four perce/tt 
* of our needs even as hydropo^er 
At some future ?Jate, water nr>ay 
be a more useful source In- 
vestigations are bemg conducted 
to determine the feasibility of ex- 
tracting large amounts of energy 
from ocean waves ^ 

Shale comprises a. resource base 
fpr Oil extrac'^n Deppsas are 
mostly locate^ »n government 
lands m Colorado and VVyOming, 
these'Sreas may prove of value in 
.the search for additional oil 

The nuclear sdurce of energy Is 
of Signrficance in parr because 
ihiS nation has the greatest low- 
cost uranium reserve m the free 
Vvorld. Extraction 'of this source is 
mostly aqd' the by products of its 
use create a disposal problem. 



but its availability in lafge 
amounts .will compel further in- 
vestigation i)f nuclear energy s 
potential to he|p alleviate the 
shortage. Potentially, ther- 
monuclear fusion nas an almost 
limitless fuel supply — hydrogen. 
But there must be a major scien- 
tific breakthrough., before fus<on 
power can be •considered 
y seriously • i 

For the short term, our reliance 
v^ould seem to be on oil and gas. 
For the long t^rm, we will be 
looking to coal and atomic power 
With large United States^ 
reserves,/ coal \yould appear to 
see us through the first quarter of 
the next century. For any lasting 
relief, we must hope that prac- 
tical rneans can be found to tap 
hydro'power, solar radiation, 
winds, tides' and geothermal 
sources on a large scale. In th^ 
immediate future, the hope for 
alleviating shortages lies'" with 
reducing demand 



United* States Energy Consumption 
by Source— Mid- 1973 
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MAJOR €NERGY SOURPES .. 



« 


PETROLEUM 


NATURAL GAS 


COAL"^ ^ 


> 

*Compositior\' 
Origin > 

\ 


Hydrogen and carbon 
formed from tiny marine 
organism; and plant 
rpatter buried under 
ancient seas, under great 
pressure. 


it 

Methane, petroleum (natural 
gas liquids are also formed). 
. May be liquefied at cost for 
easier transportation by 
tanker, truck. 

• 


Varied composition — 
mostly carbon, some 

^ hydrogen, varying amounts 
of sulfur; formed fron> 
plant remains buried 
under ancient lakes and 
bogs under great pres- 
sure; three types, of in- 
creasing age and hardness,, 
are lignite, bituminous, 

. and aptKracite, 


Location . 
• 


V 

Undergr6uhd "reser 
• voirs'V petroleum 
trapped in interstices 
of sand and rock, 
largely Texas, Oklar 
homa; off-shore under 
Continental" Shelf 
(Louisiana, Texas^ 
southern California) . 
Large uhtapped ' 
deposits in nopftem ' 
Alaska. — 


^One-half is found wherever 
petroleum is found and 
one-half is found in under- 
ground rock (especially 
southwestern and south 
pentral states). Forms "cap" 

^ on petroleum deposits and 
provides pressure to ^d 
petroleum extraction. 


At varying depths from 
just under surface to far" 
underground; found in 
:27 states. 

• 


Extraction/ . 
Conversion 

p 


Wells drilled up to 
25,000 feet depth, t5% - 
erf reservoir of petroleum 
risQS to surface because 
of underground gas and 
water pressure; pumps 
remove 15% more; 

* another 20% may be 
recovered but at a much 
higher cost. Crude 
petroleum is refined 

, through separation Jnto * 
fractions at different 
filing points* 'From 

^ chcrnlca! modifidations 
and blending of th^ 
fractions, products are 
giyen the*desired 
characteristics. 


■Removed by v/elfs, rises to 
surface under pressure, 
sorhe is fOund with peffo- 
leum, some is found alone. 
Natural gas ts treated to 
remove heavy hydro* 
carbons and hydrogen 
sulfide, which can be used 
by the petroleum and 
•petrochemical trrtJUstries. 

• 
• 


Underground, mines 
• (only half of ^oal in a 
deposit IS recovered) and 
^strip- and open-pit mining 
.wrfiere surface earth is 
removed and coal cut 
and shoveled out by 
m^ine. , 
SiziKg, washin^Jjidjctean- 
ing for traditional com- 
bu^ion uses. Conversion 
to synthetic natural gas and 
liquefaction by treatment 
with hydrogen are in the 
demonstration stage. 

1 
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MAJOR ENERGY SOURCES (Continued). 





PETBOLEUM 


i- 

f 

NATURAt: GAS ' 


COAL 


Uses 


P 2 

60% trang)or&tion 
(largely refined as gaso- 
line/diesel fuel), 20% 
residential /commercial 
heating, 10% electrical 
generation. 


45% industrial fuel, 35% 
conrtmercial heating, 10% 
electrical generation, ' 


65% electrical generatior\ 
30% industrial. 


Advantages* 
» ■ '9 


EaSy to use, store and 
transport; ideal fuel 
for transportation 
industry. 


Cheap, clean, easy to 
transport. 


Cheap, large reserve, ^ 
Appalachian sources close 
• to large markets. 


Disadvantages 
* 

• 

• • 


Domestic supply >ias 
.declined in recent years; 
increase in- usage re- 
quires increased foreign 
exchange; refining of 
high sulfur crude-can 
cause pollution. 

* 

< 


Difficult to Store/ increas- 
ingly in short supply, 

• 

• • 

• 


Expensive to transport 
Ash disposal and fly ash 
out of the stack cause 
pollution. Combustion 
of high-sulfur coal re- 
leases sulfur dioxide. 
Low sulfur western coal , 

* is distant from large 
markets. Underground 

, mining is a hazardous 
operation unless elaborate 
precautions are taken. 
Surface mining (strip 

* mining) caussK environ- 

expensive reclamation is 
undertaken. ' 

• 


• 

1 


\ 

a « 


• 

f 


• 

• 
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MINOR ENERGY SOURCES 





HYDROPOWER 


NUCLEAR FISSION 


WOOD ' 


Compositioa' 
Origin 

*• 


Water impounded in 
dams; tidal water area 
potential resource. 


Uranium and thorium ores. 


Trees, wood waste, agri- 
cultural waste. . 


Location 


Often in demote and 
mountainous areas. 


t 

Ores are found in Colorado 
Basin, Canada, South 
Africa, Zaire, India. 


Areas often cemote from 
taiige population centers. 


Extraction/ 
Conversion • 

0 

• 


Water tums turbines 
'^producing electrrca! 
energy. (Virtually ajl 
hydropower is con- 
verted to electricity.) ^ 


Chemical processing con- 
centrates ore, enrichment 

^ of desired isotopes by 
physical means, e.g., 
gaseous diffusion. In 

■ nuclear reaction, nuclei 
of heavy atoms of 
"fissionable" isotope are ^ 
bombarded hy neutrons ^ 
causing nuclei to*split, \ 
converting the matter to 
great quantities of heat 
Fission of^one atom re* 
(pases neutrons causing a 
chain reaction, splitting 
other atoms in' a con- 
trolled process. Turns 
vvater to steam to drive 
turbines and produce 
electricity. 


Trees are grown, felled 
and collected at wood of 
^ crop processing centers. 
Burned for heating^and 
cooking in some places. 

!> , 
% 

~ ' r 


Uses 


100% electrical 
generation* 


100% electrical generation. 


5(]f% heating homes 
50% industrial (scrap). 
34 million cord 'in 1975 
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MINOR E^IERQY SOURCES (Continued) 



r . 



HYDROPOWBJ 



NUCLEAR -FISSION 



WOOD 



Advantaged 

/ 



EfficienC Httle waste 
heat; inexpensive, renew- 
able energy; may be 
conserved threu^ pump 
storage; eRvironmentat 
effects generally^lfght; 
reservoirs may enhance 
recreational vali^ of 
area. 



Heat value of one ounce of 
U235 equal to 388 barrels 
of petroleum. Very, rapidly 
grov/ing as an energy source 
— tiie "energy source oi the 
future." ' 



Availability,-wood is 
renewable, given time 
to grow new forests. . 



Disadvantages 



High capital construe' 
tion costs; requires 
very special location, 
few good sites, remain; 
may flood land better ^ 
used for other purposes 
(agriculture); evapora- 
tion rate high in arid 
lands. 



Controversy over harmful 
effects of radiation leatcage 
into surrounding area frorrl 
unlikely, but still possible, 
accident; possible leakage 
from radioactive wastes; 
^the con^mon "li^t-v^ter 
reactor" requires large 
quantities of vvater for 
cooling — recycling v/ater 
Intq lakes or rivers may 
result In thermaJ poHu*. 
tiori. U235 is scarce — 
new breeder reactors 
may alleviate prcJblem. 



Low heat value per unit 
volume; norvfuel uses 
piore important; only 
practical ir^Cjprtain' 
j6cations. 



ENERGY SOURCES FOR THE FUTURE 



SOURCE . 


HOW CONVERTED 


COMMENT 


* 

(Fossil Fuels) 






OH Shale ' 

* 


A sedimenteFyi-^ck which toi^ins 
"kerogen". a s5fetance that, when 
heated, yields-shafe oil; would 
likely be used as substitute for oil. 


Rresent in huge quantities in Rocky 
Mountain states (estimates from 600 
. i^Hlion to 3 trillion barrels of oil). 
Adverse environmental effects of ex- 
traction by open-pit mining. Large 
quantities of shale required for small 
yield.of oil (one ton of -shale yields 
30 gallon^ or less petroleum). Problem 
of waste disposal. 


Tar Sands 


Contain extractable petroleum 
substance. 

* 


J_arge deposits only in remote areas. 
iJlajor supply in North" America in ' 
Athabaska^Canada, frozen and difficult 
to extract and tr&nsport 


Coal Gasrfication 
i 

• 


Coal reacted with 'steam followed 
by further processing produces 
synthetic natural gas (SNG)* 

* 

* • 

r 


Coal is plentiful, but the co^ of process- 
, rng plants is great ($50ilV$800 miHion), 
is a clean and desirable fuel. New 
coal mines are needed,., 

# * • * 


c> 


» 

ft 

• 

< 


• 

• 

• 
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ENERGY SOURCES FOR THE FUTURl^Continued) 



SOURCE 



HOW CONVERTED 



COMMENT^ 



(Natural 

Continuous 

Sources) 

Geothermal 



Natural steam underground rises 
to surface with enough force to 
drive turbogenerators for electricity. 



Cle^n, inexpensive energy. Used In 
Italy, Iceland, Japan, New Zealand, in 
the U. S. it the Geysers near San 
FranpJsco and California's Imperial 
> Valley, with potential srtes tiiroughout 
western United States. Little natural^ 
steam exists underground. Hov^er, 
much heat 10 underground rock layers 
could be tapped by pu'mping cool water 
down to the roqks and retrieving heated 
water. Limited to local use irj^ few 
favorSble^ations. Problernof brine 
deposits clogging and corroding pipes, 
^rface pollution problem from New 
Zealand underground waters. 



Solar 



Collectors over a Vast area focus 
sun's fays on a liquid which can 
•conduct the heat to an electrical 
generating plant; or solar cells 
over vast area convert sunlight 
directly to -electricity. Space - 
heating. 



Ah immense energy source. Little 
environmental effect except that large 
amounts of open space wQufd likely 
have to be devoted to collectors to 

, gather the diffuse energy of sunlight* 
Location^wpuld seem restticted^a ^ 

' /^reas of greSt sunlight ifer from popu- 
lation centers in this country (drawback 
because of extent to which electricity* 
is dissipated during transmis^n}^ 'At 
present/most important in home heat- 
ing and vrater heating in medially, 
designed houses; * ^ 



Tidal 



Same principles as conventional 
hydropower — *rise and fall of ' 
tides rotate turbines to generate 
electricity. 



/ Very efficient Requires very special 
locations; fevy^xist in North America, 
and those that do; such as the coasts 
of- Maine and Alaska^'^re remote fron\ 
population centers. Difficult to make 
energy supply continuous. 
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ENERGY. SOURCES FOR THE. FUTURE (Ccmtinu^) • 



SOURCE 


3 7 

HOW CONVERTED 


COMMENT 


Wind 

' — ^* 


Same priftciples as hydropowsr - 
rufining air propels turbine to 
generate electricity. 


Clean, nelt, inexpensive. Very efficient. 
Lopatib^ important — proposals 
gener&Jly, for windmills on platforms in 
Gre*t Lakes or on Atlantic Ocean. 
Better jas local sour^^e in certain 
con(iucive areas'. Sufficient wind 
for continuous generation unlikety. 


(Oth^ Sources) 
Hydcpgen 

< 


• • 

Buming hydrogen for heating as 
wiin ndiurai gas. 


r 

M^fst abundant element ifV universe, 
although extraction of hydrogen from - 
compounds can be costly. Reactions 
i^^tween liquid "hydrogen and liouid 
oxygen powered NASA rockrtl Cleaa - 
only waste product is water^ Draw- 
backs — d^ngerous-tp handle; one-half 
the energy content per volume of . ^ 
natural gas. 

:^ 


Fuel Cells 


Battery-like, portable electric 
generators produce current from 
reaction of hydrogen and oxygen. 


Littie pollution, no noise, much more 
efficient in generatiag electrfcity than 
conventional gepecators. Drawback — 
* very costly because o^shbrt Ufe. rfave 
*been used only in space program. 


Magneto 
hydrodynamics 
^ "WHO) 

• 


Converts heat •from oombustion 
gases from coal directly to 
eJectricity by passing gases through 
magnetic field. Uses coal as " 
starter fuel. Represents new kind 
of generator converter. 

V , 


As an alternative \o conventional coal- 
fueled powQr plants, MHD eliminates, 
most air pollution, requires less fuel,, 
is \% times as efficient (very Mttle waste 
."^ heat). At present many technical , 
problems and tittle support for research. 
Mo/e research being d9ne in USSR . 
and Japan than' in U. S. 




" * " ; — ' 

It 

34 ■ 


• • * 



' ENERGY SOURCES FOR THE FUTURE (Continued) 



SOURCE 


HOW CONVERTED 


COMMENT 


Burning of Trash 

• 

4 

m 


I ' 

BumlRg combustible trash, in mix- 
ture with coal or other fuel, to 
power electric generator. 


Cheap, readily avaflaWe fuel. Conv^n-.^ 
tional combustible garbage possesses 
50% of potential heat of coal. -"Solves" 
garbage disposal problem. Although 
.the air pollution problem remains, the 
^ waste disposal problem is afleviated. 
City of St. Louis currently getting 
some electricity from power plants 
fuejed by garbage and coal. Trash " 
must be carefully sorted. 


Nuclear Fission 

(breeder 
' reactor) 


Uses U235 as "starter" to bom 
bard surrounding atoms of noiV 
fissionable U238 and convert 
it to Plutonium 239 which is ' 
fissionable, "creating" more 
starter. 


f 

, -* Uses less scarce U235 than present light- 
water reactors. Some plutonium is 
produced directly in light-water reactors. 

^ Is cooled by liquid sodium (difficult to 
handle). Possibility^ of accident, especi- 
ally during transportation of wastes, 
more of a concern with plutonium liian 
with uranium. Technological difficulties. 


Thermonuclear 
Fusion 

• 

• 


Fusion of atoms of hydrogen 
to form heavier atoms of 
helium under -extremely high 
temperatures (100 million 
degrees C) in V controned 
^fBactron opposed to the 
uncontrolled fusion reaction 
of a hydrogen bomb.) 

• 


Hydrogen is vei^ abundant Ordinary 
seawater could be used as source of 
fuel. Very efficient reaction. Re- 
leases only small amounts of radio? _ ^ 
activity. However, it is technologically 
very difficult to achieve a controlled 
reaction at present levels of technology 
and knowledge." 

* ■ . 
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SEARCHING FOR SOLUTIONS . . - 

. As' America seeks to become energy self-suffkient pace again, we 
develop new sources ranging from better nuclear power 
generators to huge solar collectors. But the lack of time compels 
us ta conserve and recycle the energy resources that we can use 
today . . not in the next century. 



QUESTIONS TO GUIDE foUR READING 

What happened in November, 1 970, that gave us cause to worry . 
about our future oil supply? 

By 1972, what fraction of our U.S. oil heritage of 200 billion 
barrels was gonB? • 

What percentage of known petroleum reserves is located in the 
Middle East? 

How many million tons of trash, potentially burnable in power 
plants, do Americans throw away each year? 

Newspapers, potentially, are good candidates for recycling. What 
are two reasons why this isn't done 'more widely? 

^hat factor will encourage the' development of new energy 
resources? ' 

What is the government program .for national energy self- 
sufficiency called? 
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SEARCHING FOR SOLUTIONS 



In 1972, Representative Chet 
Holifield of California said, "What 
this country needs to dramatize 
Our enerigy "criSiS is a good 24 
hour blackout" 

We've come a long way smce 
then, and there are few of us 
who do not realise that conserv 
mg energy and our country's 
future are Inexorably related. 
Some of uS even^have stopped 
1:omplaining about driving 55 
, mph to save gasolinel But, lest 
we' become pamc jstrick^t^this is 
a time also for concrete solutions 
rather than desperate measures. 

Oil and natural gas became the 
most Widely used fossil fuels in 
the United States because we 
drew on our own resourced, not 
those in the Middle East. In fact, 
we may remember the prophets 
of doom some years ago, who 
kept saymg that the United States 
was running out of oil. Yet, new 
deposits were constantly dis 
covered, and the future somehow 
was pushed back. 

• All of 'this came to a halt in 
Novemljer, 1970, when the rate 
at which we were finding 
domestic oil reserves failed, for 
tite first time, to exceed the rate 
at which we w£re consuming Oil. 
From that time on, the known 
reserves have declined steadily," 
we have increased our 
dependence on oil imports, which 
have tripled m the last 25 years. 
By 1 972, about half of our known 
Oil heritage of 200 billion barrels 
was gone, an^.^ the rest was 
becoming incr/§Singly hard to 
get. ^ „ ^ 

As Oil imports increased, we 
became more dependent on 



foreign reserves, joining the 
nations -of Western Europe 
whose petroleuhi reserv,es are 
considerably ^smaller than ours. 
We turned to the Middle, East, 
source of 53 percent of known 
petroleum reserves, as well as \o 
Latin America, vvhich traditionally 
had made up our oil deficits. The 
activities of the oil cartel and the 
effects on our foreign trade a.nd 
balance of payments are well 
known. As a resuK, the govern- 
ment, through Project In- 
dependence, has opted for 
national energy self-sufficiency 
by 1985. This project js a 
blueprint outlining the sjze and 
shape of our problem 'and 
recommending self-sufficiency as 
a national-goal. 

It ^is hoped by 1985 that It will 
make economic sense to "buy 
American," By that time, we may" 
have Curbed our energy appetite, 
which by 1970 was doubling 
every 10 years. We may also 
have developed new energy 
sources through' research and 
bener utilization of trac^itional 
sources such as coal. 

Several trends justify a cautious 
optimism.* We have realized that 
the environment is fragile and in 
some aspects irreplaceable, and 
technologies are being developed 
to harvest energy jesources 
Without as high an environmental 
cost as has been paid m the past. 
Technology is also advancing in 
the field of 'recycling, in order to^ 
lengthen the life of dwindling 
resources. Research is progress^ 
ing on several f^nts to harness 
the energy of renewable sources 
such as Vvrnd, sun and tides. 
Higher fuel pnces are fixmshing 
incentive to explore and develop 



Tew sources 
techniques. 



and conversion 



Economic incentives, probably m, 
the form of higher prices, will en- 
courage searches far ne\^ 
deposits .and. promote further 
development of present ones. 
Such economic incentives will 
also spur efforts to improve refjn- 
mg and electricity transrnission 
methods to cut down on energy 
losses. 

However, thes^ efforts will not 
alleviate the central problem. 
They will simply help us use our 
finite fossil fuel supply more ef- 
ficiently. Increased funding for 
' research and development of 
alternative sources will be 
needed to bring about the day 
when they are viable sources. 

Surface mining companies can, 
and do, "make efforts to restore 
mined lands to thar former 
usefulness. Methods can. be 
found for removing sulfur from 
coal, the key is to find a method 
that is economically feasible. 
Automobiles can be designed 
with smaller," more efficient 
engines.' • 

Many *things are being done to 
improve our extraction and con- 
version of energy sources so as 
to increase Supply and lessen the 
environmental cost. More' could^ 
be done. They are technologically 
possible, and they wilLbe prac- 
ticed increasingly as "there is*, 
economic benefit to be gamed 
from them in terms of addecf 
profits or penalties avoided. . 

Recycling is^a key to extending 
our present resources ^ntil alter- 
native energy sources can be 
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^ made workable Recycling in- 
cludes both the recover^ and 
reuse of natural resources, and 
extending the life of products 

^Here too, a united effort is re- 
quired The student rnust be 
helped to understand that each of 
us can make an impdrfant con- 
tribution if we live conservatively 
and keep doing so. Meaningful 
recycling must go'far beyond the 
two-week science project or the 
occasional paper drive We, must 
start at home in an unglamorousi 
way by using up what we have or 
wearing it out 

Ohioans can be proud of the 
steps toward recycling already 
taking place m our state. Many 
city gov'ernmerus are considering 
the possibilities for burning 
wastes jXo ^supply power At 
Franklin, Ohio, there is an ex- 
perimental tota) waste recycling 
plant, potentially capable of 
, processing nearly all of the com- 
munity's wastes for reuse.. 

Each year Aijiericans throw away 
125 million tons oftrash, poten^ 
tiaMy burnable in power plants. 

^ Ye?,, the plants t0 burn this.trash 
must be highly sophisticatefd, 
¥ capable of removing air poJIu- 
tants-and operating with a variety 
.of fuels. The wastes must be 

-collected andv brpught. to the 
plants m large enbugh quantities 

*. to malce the processes economic. 

. Many of^ us save o\d newspapers 
- for recycling, but here also are 
. constrautji^ Large quantities of 
water, ^nich may become pol- 
luted, are 'requii'ed for recycling 
paper pulp. And high freight rates 
make it cOstjy to bring newsprint, 
to a recycling plant even though 
It may cost less ta^ake paper 
•fcom recycled stock 'than from 
wood. ' t ' • 

In Imany areas our " old'\ auto- 
mobiles and other metal sprap 
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. are being almost totally recycled. 
Yet there still are problems in 
getting the scrap into sizes and 
forms in which it can be utilized. 
Burning the nonmetal parts of old 
automobiles is highly polluting; 
. removing the copper wire from 
junked cars takes time. Big 
machines can chop steel scrap 
into bite-sized chunks for 
reprocessing, but these machines 
require considerable energy. 

There are many approaches to 
new thinking and better conver- 
sion methods for recycling,- better 
ways of handling, wastes at home 
and In industry and at all levels of 
the recycling process.^ Has 
'anyqnel-eyer^ thought of designing 
automobiles whioh, \n addition to • 
using gas more effttSiently, can be 
recycled, more easily? Questions 
like this are good - discussion 
starters for all grade levels. How i 
can "tiny cans be recycled? What 
provisions' does your community 
have for recycling glass? How eanf 
we get mor§ use from books and 
magazines? 

. As IS jrye for ^ environmental 
safeguards,', the technotogiy^ of 
recycling is, as yet, far ahead of 
the capacity of most communities 
.to practice' ir on a significant 
level. Ope estimate is that^arge- 
scale adoption of "municipal 
.resource recovery systemis is 10 
years ayvay. Most present sys- 
terris consjst of some combina- 
tion ,of shredders, ^finders, 
scanners, ^screens, and electro- 
rh^gnets to break down and sort 
Out ferrous metals, aluminum, 
. glass, combustible and noncom- - 
■ bustible g'arbage. Some 
demonstration plants are 
developing the capability to yield 
fuel oil as well.. 

The economics of large-scale 
recycling pose more problems 
than the technology. In addition . 
to a sizable investment in eqijip- 
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ment, recycling centers must find 
^^njarkets for the sjorted scrap. The 
oveVridmg economics, "however, 
may well be the^ savings in 
energy as welJ as raw materials. 
Recycling paper and steel re- 
quires 70 percent less energy 
than manufacturing with- new * 
materials. 

i 

Although today s energy situation 
IS serious and the forecast is a 
challenge for survival, there is 
another side to our energy 
problems. Our belated realization 
that fossil fuels are finite may 
prompt- a reversal' in our energy 
use patterns from spendthrift to 
more, thoughtful use, ,And the 
change may come soon enough 
to give .us a margin of tirtie in 
which to find other sources, other 
use patterns. 
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COIMSERVATIOW: AN ETHIC FOR gVEBYONE 



We know we cart work together for a corhwpn goal if we believe in 
it. The challenge is to m^ke energy conservation a common ex- 
perience that we a// can share directly. . 



QUESTIONS Ta GUIDE YOUR READING 

What should you look for when ypur students complain they are 

cold in a heated classroom? 

.' • • • 

• ' •■ . ' ■ • ' ' . 

. You and your students, .are. planning a field trip, and, you will be * 

. away from your classroom for the entire day. Turning out the room 

lights and turning down tl^e thermostats are two possible energy 

consem^ation measures for your class. Can you suggest others for 

the field' trip? ' . . "... 

In past history, wh6n a society ran out of enecgy, what could it do? 
\A/hy can't we clo this today? * " , ' 



CONSERVATION: AN ETHIC 
FOR EVERYONE 



We ve Seen the storv over and 
.Over again m the movies and on 
feleviSion A group-ot people <n a 
lifeboat have only a httle food and 
water They divide up the Supply, 
and ^ach one takes just enough. 
For dayS they survive, and just at 
the last mmute they are rescued. 
ThiS is a Simplistic illustration, 
buf time and tin^e again history 
has den^onstrated that p^ple 
Will practice conservation^ and 
work ''together for the common 
good, providing (hey realire that, 
theyaM are m the same boat^ It is 
Our job to make thi^ realization 
meaningful to Our students.. Con;-, 
servation is not just what one 
does somewhere else, out in ^e 
"forests of the American West . 

^ome conservation measures are 
tfeing imposed on us from the 
outsid^. We rouSt pay more for 
luxuries, so vve consume less of 
them ancj, thereby, .we ysave 
energy. We must rerftem6CT that 
society also is responsible for 
finding new and meanmjgful wor\ 
for (he peopde'who fprmexly made ' 
these products. Higher pnces in 
evitablV yviU slow down energy 
derpaods. bu^ m tjhe long run 
energy conservation — and our 
very quality of life— must (Jepend 
op Our practice, together, of an 
energy conservation. eth»c. Ufie 
the envrronmental ethic already 
prac^liceUm our^schools, this new 
energy- ethic must be .vvrth us 
constantly, interpreted* In away 
thai makes us ^inderstand our 
fleeds an^ wants m the context of 
the world around u^Wejpustall 
cu/ercome 4he £fttitude that, if we 
can afford it we should be able to 
use' It This attitude do^s nothing 



to sulve the energy waste and 
conservatioo problem Perhaps 
viewir^g conservatiorl as eriergy , 
insurance would help change at 
'.titudes and * stimulate, positive 
' action. . »^ 

We practice the energyvcbnserva 
tion ethiC when we understand^ 
that fossil fuels'aVe very impoj- 
tant'to uS. personally. How many 

'childr'en today actually know 
wKat a lump of coal looks l(ke? 
How many H(\oW what happens 
when thev: plug* in an electric 
toaster? Because children and 
yOuth are CuripuS about the world 
around them, they may be far 
t^etter prepared to Appreciate .the 
personal, value of energy .re- 
sources than their parents are! 
Creating. a" learning atmosphere 
^n which they can understand 
and practice energy conservation 
IS a challenge* worthy of the pef 
son^f commitment of every 
teacher. 

•* * ' 

For most of uS. the changes will 
not be fundamental ones. We^will 
be * slightly ):x>o\^x m winter, 
warmer ih.sumrfierj mak^ Our 
Purchases with a view, to ^fft 
ciency and recyclability. rely \ess 
on ihrowaway packaging, fin've 
smaller cars* at slower speeds, 
use public transpdrtatiqn and 
walk more, turo off lights we ans 
not uSing. and Iqarn to think of 
Energy* as mpr),ey. WeJwill not 
need to return to energy-use 
patterns of a century ago. But we 
might" well. return Jo the spirit of 

jhe slogan that was so popalar 
during Wol'id War IK "Use it up. 
wear it out. make* it do. or do 
without " 4' X • 



Most school systems already, 
'.have worked out energy ponser- 
vation plans Every teacher 
should be. thoroughly familiar. 
With the Gufdehnes for the Con- 
servation of Energy in Ohio 
Schools published by the Stat^ 
Department of Education. They, 
reflect the development of an 
awareness of the vatee of energy 
as a scarce r^sot^rce^. By carefully 
observing and practicing" these 
guidejjhes, we can transmit th^s 
awareness tOfdtJr studfents.* ' 

For example, we know that even 
when air j)^.,)S^eated to 74 to 
78 degrees i^' movW swiftly 
through"^ classroom, we can be 
•uncomfortable because the air 
.removes body heat in* an ex- 
cessive way. If we can eliminate 
drafts and reduce air .flow to. re- 
quired standards, we f|^l much 
more comfortable at lower 
temperatures^ But many of * 
today's sljhoote were built yvl^ln 
there seemed to be energy lO 
burn, SO irisulation, tight dogrs 

^ ^nd Windows were noi^iilYvays, 
given 'priprily , attention, .yoit can 
helf) correct this, but you may re- 

' quire professional ^ssistarice. 
'Sirnilarly. you as. a' teacher can 
watch the thermostat.- but y.bur 
school district must make ^re 
that the automatrt temperature 
regulators are maintained ade- 
quately and that heating systems 
are kept up to date. 

' »You might want tb consider 
('depending on your local Situa- 
tion} setting thermostats as lovy 
as 55® F near Tne close jsf the 

^ school day and for the. night../ 
turning thermostats 'down tWO* 



on weekends unless pockets of 
uneven temperature may cause 
damage * shutting off, all 
'outside air at the end of the 
School day and on weekends 
switching from natural gas to an 
alternative fuel, wher^ po^ible 

^t home there are many possnble 
conservation meastjres (your 
students can doubtless cdme up 
vyUh a much longer list than this 
one) 

•"^ keeping thermostats 'down 

• providing adequate insulation, 
weather stripping, ar^d stOHTt 
windows 

• operating dishwashers, clothes 
washers and dryer^ only once 
a day 

• turning off lights and 
•^tejevisions and j-eplacing in- 

^ capdesdent bi^lbs with fluores- 
cent TixHi'res 

• >wastiing*ia cold water and tik- , 
ing showers instead of tub 
baths • . ' . 

• selecting clothing forwear'and 
durability 

• closing" drapeftes at#||ght dur- 
ing the winter^ aftd keeping 

, them closed during hot' 
summer days 

• v^alkirig or riding a bicycle \r\- 
stead X)f driving {but always 
practicing sale riding habits) 

• keeping the fardily car in tune. 
vJUh tires properly inflated 

• buying -and ^ing appliances 
which are most Efficient (con- 
sumer magazines can telt you 

. which ones to select) 



uSing an eichaust fan m the 
to Supplant or help 
the aThcDnditioner 



^^conditioning 




doing without 
if possible 



•taking vacations close to home 
wrth the entire family together 

organtzing car pools 



and so on 



Most of these suggestjons boil 
down simply to usmg good judg- 
ment, a quality Americans are 
tratJitionally noted for 
• * 

Nationally and statewide, many 
energy-saving steps are being 
taken. Your students can docu- 
ijient them; tK$y also can suggest 
more steps by vV^'ning directly to 
- leaders in industry and govern- 
ment We spe moves* 

, / . 

• to encourage interest in in-' 
.termediate technology as com- 
pared to placing value pn" 
bigness. 

• to move toward self-supporting 
communities with diversified 
industries to support the needs 
"of the pOpiilation. ' 

^9 to stimulatejnterest in hand- 
crafting and the manyal operq- 
tjon of sniiall jpnachines for 
making products. 

• to pro\?ide better ma^ transit 
throygh express bus services 
from suburban parking tots;, 
"cjial ride** and^KK)!^ taxi ser- 
vfces. more Convenient transit 
schedules, renewed interest in 
trains and interurban lines par- 
ticularly in high-traffic cor- 

^ ridois such as Cincinnati- 
Columbus-Cleveland. 

/. : i% 



• to schedule airime flights to 90 
percent s^at capacity and at 
times when planes are not 
"stacked" over airports. 

• to cut down on yearly 
amomobile redesign and -make 
It easier to replace fenders, 
bumpers and other parts. 

• to promote nearby tourist 
attractions. 

If these trends are to fulfill^ their 
promise, your role as an educator 
will be cruciat Creative thinking 
will be at a premium as we "seek 
both short and long range 
solutions to our energy problems. 
Both thinking and doing are im- 
portant, for • tfme spent ' in 
teaching conservation is prac- ' 
tic ally" useless unless the 
knowledge ""is translated into 
action. 

"* 

fn Ohio classrooQis today are the 
bpys and gkls who must develop 
workable ways of protecting and 
preserving the vital natural en- 
Vironpient if the environment as 
they^ know it is to be left for their 
children Perhaps one of them 
also, will unlock the .technology, 
which will relieve us of our 
dependence on fossil fuels. Is 
that student in your ctassroom 
today? 

Our energy Situatiori is like the 
status of space exploratior\ less 
than a generation ago when the 
Ru^ians.surprfsed us wrth Sput- 
nik. Suddenly. America needed 
trained scientific -leadership, and 
It was fortunate that the talents 
of "John Glenn. NQil Armstrong 
and dther' leaders were -being 
developed on foundations taici. in 
^Ohio schools— foundations m tfie 
humanities as welt as the 
scier^ces. 
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Smce the 1950s, the space 
program has given us a n&w op 
portunity to look at ourselves The 
implications v to sctente and 
n^athematics have been obvious, 
but we also have seen from the 
perspective of space that the 
earth has limited resources and 
that we d^! are resf^risible for 
conserving these resources The 
world view that we share through 
the social sciences and ht^rature 
already is reflecting this in 
terdependence Todays students 
must be the "energy astronauts" 



of the future For them, the con- 
servaupn ethic must, become a 
way of life, reaching into nea/ly 
every activity. 

Historians v^ulcL search m vaiR 
for a society which has cut back 
Its demands for energy and still 
flourished Usually, the historical 
answer to avoiding extinction has 
been to conquer new lands to 
find new energy sources. But 
there are no more new lands. We 
are confined to a pla/iet where 
energy is scarce everywhere. 



Tijus. we lack a historical prece- 
dent, but we do have at our dis- 
posal the technology and'tfie 
knowledge to fiod our way out of 
this .apparent dilemma,'' The 
challenge is m communicating 
the energy conservation ethic 
and its basic foundations to those 
who will need this knowledge m 
order to live. 

That is why the outcome rests, to 
a critical extent, withi those who 
would mold the future m the 
classrooms of the present. 
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ANSWERS TO E.Q. QUESTIONS 

1 Because they are derived from animal and vegetable remains that collected at the bottom 
of ancient seas and stamps more than three hundred miNion years ago 

2 Petroleum, natural gas, ceal 

3 Sun. wind, falling v^ater, tides, plants, animals, muscfes 

4 Coal ■ - * 

5 The correlation of the study of energy to science and mathematics is obvious Social 
studies trace the advancement of societies in relationship to energy use Literature 
teii^ of the lives of people involved m the development of energy. The basic energy 
source, the sun. rs frequentl^^the theme of much music and art 

6 (1 ) The fossil fuels m the eartf^now are, for practical purposes, all that we will ever have 
This dilemma is at the heart of man's current energy problems (2) The demand for 
energy is ever increasing 

7 As a nation, we are realizing the need to move toward self-sufficiency, and technology 
being challenged to discover new energy sources and conversion processes. 

8 The aiitomobile ^nd.space heating 

' 9 Over half of the tr#fjsf)ortation energy m our country is consumed by automobiles. whiCh 
are used primarily to carry people rather than goods ^ * 

10 Because it requires cpnversion of a primary energy source si^ch as coal, petroleum, 
nuclear fission, or hydropower for its generation 

1 1 The turbines which generate electricity are less than 50 percent efficient.- and a substan- 
tial amount is lost through transmission along power lines. 

12 By being burned off at the heads of oil wells before it was learned that gas could be used 
profitably. 

13 In meeting our energy demand, we can either import more fuel or reduce our consump- 
tion Other options are intensified exploration for new reserves.*jnore efficient ways of 
recovenng fuel resources, and discovery of new sources and conversion processes 

14 Energy i& the ability to perform work 

15 Kinetic and potential 

16 Fission and fusion 

17 (a) All three , ' 

(b) Nuclear / - ^ ' 

(c) Chemical " " 

18 The British thermell unit (Btu) 

19 The ratio of useful product to the total amount of energy input or ontput 

20 Electricity clean, available instantly, and easily tra^mitted However, both the genera- 
tion and transmission of electricity involve some W3*e energy. 
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21 Heat IS a Jctnd of kinetic energy ^ - \ 

• 22 (a) Sunlight, green plants, and hydropower 

<b) Uranium, coal natural gas. fuel^il bM oil shate* ^ ^ 

23 Fossil fuels are found primarily wi'tbrn the earth and all^are storable and tfansportable. 
They have nonfuel uses and require altering th^ landscape for thetf use All arebu^nid. 
prodi^ing heat to perform' work A4I are nonrenewable 

24 Coal I 

25 Steam engine ^ . / 

26 Oil and gas are tieaner, easier to handle than coal solids, more versatile, and less 
poUu^g, 

27 Coal 

28 Gasification - 

29 Hydropower, solar radiation, winds, tides and geothermal sources 

«/ 

30 In November 1 970, the rate at which we were finding domestifoil reserves failed, for 
the first time, to exceed the rate at which we were oonsuming oil 

31 National energy self-sufficiency by 1985 

32 Technological advancements are being made m the.areas of (1) harvesting energy 
resources without as hi^h an environmental cost. (2J recycling to prolong l.ife pf 
dwindling resources, (3) harnessmg energy of renewable sources such as wind, sun, anc^ 
tides ; 

33i Recycling (1) extends the life of productfe. <2) cuts consumption of natural resources, 
(3) reduces litter. 

34 Problems in tot^l recycling of throvvaway materials are finding markets for the sorted 
scrap, costs of collecting and transportjng it and energy consumption of machines which 
sort and process it 

35 . Present major extraction and conversion processes exact environmental cost by releasing 
pollutants and causing damage to. the land and bodies of water. 

36 Higher fuel prices to furnish an incentive for explotation^nd development4)f-nevv-sourc8^ - 
of energy and conyersfbn methocls ' 

37 An accegtence of the fact that resources, m particular our fossil fuel resources^ are f ifiite 
and therefore precious, to be used'wisely. \ ' 

38 Maintaining lower temperatures ^nd usmg electricity, paper supplies and other energy 
consuming smaterials carefully • , 

39 Turning off lights and appliances wfien not in use, peeping thermostats down, buying 
appliances v^ich are efficient, providing adequate insChation. 

40 Providing effici^t mass transit promoting nearby recreational attractions, enforcing 
lower spe^d limrts. encouraging community planmng'to decrease commuting distances,, 
enacting standards for more energy efficient cars and appliances, stimulating - 
teclanologica I advances m the discovery and development of new sources of energy and 
means of conversion. 



GLOSSARY 



British Thermal Unit (Btuh-lhe amount of heat required to raise the temperature" of one 
pound of water one degree Fahrenheit. Because all energy may be converted to heat 
energy, the Btu is* often used ^s a standard measurem^t for the energy content" oi 
many energy sources As the following table of equivalents shows, the Btu is a very small 
unit of measurement ^ ' 



Fuel 



tommon Measure Btu Content 



iCrude Oil . Barrel (bbl) 

Natural Gas Cubic Foot (cf)^ 

•Coal Ton 

£lectricity Kiloyvan Hour |kwh) 



5.800,000 
1,032 
24-28.00p;000 
' 3,412 



(Unfortunately, -direcfcbmparisoYis of energy content of different fuels .cannot be made ac- 
curately because of the difficulties of measuring them in the same units.) 



Coal Gasification— A process-by which coal, m contact with steam, can be made to produce a 
substitute for natural gas. \ • 

Co/)servar/a/?— Preservation from loss or wasje.-WilJi regard to our consumption of ^ergy, 
the message of conservation mear^s.findmg the wisest possjWe use of nonrenewable, ex- 
haustible energy sources and miproving convers^n processes so as to ihcrease efficiency. 

^ ' . V. . . \ 

Cycles of Energy Substitution — A '»jva*f of picturing the history of energy sources in the Unitejl 

States "Wopd and coal had connfpletely replaced wind and water as major, energy sources 
. arouijd 1870, coal replaced wood as the mgjor energy source around t885, and petroleum 

replaced coal as the major enfergy soured about 1940i • 



Efficiency - The anfount of useful \Arork we get out of a machme or conversion process divided 
by the total energy output. Efficrency, expressed as a percentage, also me^ures tiie 
amount of useful^energy we get out, divided by th^ amdupt of energy we put into a 
machine We can speak of the relative efficiencies of yarrou^-ftiels or enefgy sources in a 
particular conversion process,. and we can speak of the relative efficiencies of various con- 

* version processes using a particular fueJ. No machine is 100% efficient. 

f nerfK— The capacity or ability to perform work. 



Energy JO Energy Convers/ons- Changes in states or forms of energy. Most energy is derived 
from another state or fornf— kinetic from potential, heat'from mechanical, and the like. 



Environmental Cosr— All forms of energy .extraction, conversion, *and use exact a toll of our 
environment The advantages of a particular energy use must be weighed agamst its. effects 
on the environment. 



fx/racf/on— Retrieval of fossil fuels from the earth 



FiSS/on-A "splitting," specifically the splitting of certain heavy atomic nuclei Into twaatoms 
of much lower atomic weight. The loss of mass em)ears as energy tn an ^nlount equal to 
the difference m mass times the speed of light squared (186*000 miles per second^), or 
e " mc- The process b&gms with the ^mbardment of a "fissjonable" atom by a ijffutron of 
another atomic nucleus, v^ich releases neutrons from the "farget nucleus? Jjfus release 
enables the process to be self perpetuating, and chain reactions are possible/ Controrlled, 
they generate useful energy, uncontrolled, they are an atomic bomb like thdse of World 
War 11 



f/ow or Fund— A useful way of classifying energy sources. Some energy is derived from the 
continuous, renewable flow of energy from the Sun. Other sources are sto/ed from times 
long past in a nonrenewable, exhaustible energy fund. 

fossil Fuel— Ar\ energy source. Such as coal, oil, and natural gas. derived from the*actiog o^ 
trem§ndoujs heat and pressure dn ammal (chiefly marine) and plant fossils buned under the 
earth s surtace more than three hundred million years ago. Fossil fuels contain the stored 
chemical energy of.plants arrd animals that were once alive. 

Friction — Resistance to motion of twO' adjacent surfaces. • • * ^ 



ft/e/— Anything converted from one form to another with "release" of energy to perform 
useful work. -as when coal ts burned to produce heat to produce steam to run a turbine to' 
produce electricity to Tight a lanhp to help you read a bot)k at night. * 



fire/ Ce//S - Battery like, portable electric generators producing ^urrent from the reaction of' 
hydrogen and oxygen. * " . . / ' 



Fusion— A joining, Tn particular, the combination of two atomic nuclei to yield one larger 
nt^cleus whose mass is less than t^e sum of the masses of the original nuclei. The lost* 
mass appears as energy as in fission (see above). Because electrical charges yvithin the 
nucleus make it very .difficult to bring two nuclei close enough for fusion, the reaction re- 
quires extremely high temperatures and pressure (henca the synonym "thermonuelear 
reaction"). To generate useful energy, the reaction must be controlled, the hydrogen bomb 
represents an uncontrolled fusion reaction, i 



Geothermal—Ax\ energy source relyins ^ natural stifeam nsmg from underground with 
, enough force to drive turbogenerators. ' . ' 
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Horsepower (hph-A standard unit of measurement of power, equal to 33.000 foot-pounds of 
work per minute or the force required to dc^thatmuch work. {A foot-pou/xf is the force re- 
^ quired to raise a one pound object one foot straight up m the air, or its equivalent in other 
words, one foot pound of work may be -done by lifting a one-pound object one fool or 3 
two-pound object one hdlf foot or a half-pound object two f^t ) A horsepower is more 
pov^er than a real horse possesses over long- periods, but less than it possesses in a short 
period of work One horsepower equals 745.7. watfe. where ihi wan is another measure- 
mentjDf power ^ 



Hydropower-^Jhe energy of fall»ng*water harnessed to turn turbines to generate electricity 



ihertta—The resistance of an object to exchange of state regarding its motion Inertia is the 
condition reflected by the law of physics that an object at rest tends to stay at rest and ao 
object in motion tends to stay m motion It is a force which resists the transformation of an 
object s energy state from p^enual to kineuc or vrce versa 



Kinetic Energy -Ihe energy stored m a movmg'object. By moving, ^n object can perform work 
^ or move other objects to perform work. K^etic ^jjcrgy of an object equals one-half the 
product of Its mass and its velocity squared (Ek = 1 /2 mv^).^ ^ 

Law of Conservation of Energy, -The law of physics st^ng that the total amount of energy in 
a "system" {such as the Universe) is constant Energy is neither created nor destroyed, but 
merely is constantly chaVigmg forms and states. Particijlar energy sources of twels do dis- 
appear, however .This "law" has been revised in the light of findings that in nuclear reac- 
tions, matter is directly converted to energy. The reverse process is also true, and the law 
has been renamed the Law of Conservation of Energy and flatter, 

Machme^Any system or object which, through any of a number of processes (burning, 
chemical reaction, atpmic reactions) converts energy in one form (the fuel) into energy in 
another, more useful form (the product or output) plus some energy converted to a waste ♦ 
form. * tL : * 

Magnetohydrodynarr7ics-A process of converting heat from combustion gas^ directly to 
/ electncity by passing gases through a magnetic field. ^ 



Oif S/7a/e— Sedimentary rock which contains a substance yielding oil when heated. 
Open Pit MinJng—StTijp piining: . 



Potential Energy^The energy stored m a non-moving object because of its position •or in- 
fierent qualities. The force of gravity may act on any object as resisting forces are* removed. 
Furtherm6re. some things, such as coal, or wood, contain stored or potential energy which 
may be converted to heat energy through the process of burning./ ' Jf^- 
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Povver-The rate at which work is done, expressed m units of work. Such as foot-pounds, per 

#unit of time Energy is a capacitv for domg something (work), whereas power is the rate at 

which the somethmg is actually done ' 
» 

Project independence^OuT government's goal of national seJf-saffiCiency m energy 

Secondary Energy —E\ecttiC(V^ may be thought of as secondary energy, for it requires ccnver 
sion of a primary energy source such as coal petroleum, or nuclear fission for its 
generation ^ 

Short Ton— 2000 lbs , the customary ton" of coal, as distinguished from the long ton.' 
2.240 lbs ' 

Sofar -Jhe^ Sun as an energy source, harnessed, by sy^ems of collectors or solar cells over 
vast surfaces 

Tar Sands— Deposits containing an extractable petroleum substance. 

T/daf— The tides as an energy source, converted by the same^^ocesses as hydropower. 

Transformattons of Energy— Changes m energy state from potential to kmetic or kinetic to 
potennal Energy transformations are brought about by three types ot ' processes, 
mechanical (physical), chemical, or nuclear 

7>ans/77#ss/on— Transportation of electrical energy from the point of generation to the point of 
use Some e^nergy Joss is inevitable m transmission. Ten percent of the electricity actually 
generate;J is lost in transmission through power lines dnd cables. 

fVasfe-That whidh is not useful to one s purposes. In certain energy conversion reactions a 
resultant form of energy may perform no useful vwrk for us. as fgr e;cample. the sound 
generated -by rpany Tnachmes. However, that sound may be useful er>ergy in another 
pmcess at another ;ime, depending on our purposes, as when a whistling teakenle tells us 
'the water is boiling. * 

Watt /w/— A common umt of measurement of pow'fer, especially electrical power. Named after 
James Wan. the famous Scottish engineer ot the liSih century. One thousand watts, or orfe 
kilowatt (kw], IS equal to 1.34 horsepower. OectricaT power generation, or consumption, is 
"commonly measured In kilowatt -hours (kw hrs), where one kilowatvhour is equal to tlie 
energy of one kilowatt of power acting for oh^ hour. 

• « ' 

WorA— The conversion of energy which results in the movement of an object from one place 
to another ..in response to forces (mechanical, ch^rrwcal, nuclear). The measurements for 
work have to do vyith heat generated (the calofie,.gto^ oif movement produced (the joule, 
electron volt, erg, foot pound), any of these measurements may also be used to» measure 
energy, the potential for work, • ^ 
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SUGGESTED TEACHING UNITS 

* 

Primary . 




Energy 
Conservation 
Teaching Resource 

Units 



UNIT I: ENERGY AND HOW IT CAN HELP US 



UNIT PURPOSE: 

To help children understand what energy is'and where it comes from, 

ENABLING CONCEPTS: 

A. Work: What it is 

B. Energy for our bodies and where it comes Irom ^ 

C. Energy all around us 

D. Energy 'for machines and where it comes from * 



Concept A. Work: What It is 

INSTRUCTIONAL OBJECTIVE: 

To help children understand that work happens when something moves or changes m 
some way. 

POINTS FOR EMPHASIS: 

• Scientists use the word work differently than w^do. They say that work happens 
when something moves or changes in som6 way, 

• The wordi v/ork is used many ways. Discuss hard work, work as a job, task, play which* 
is work. 

LEARNING ACTIVITIES: 

The children may: ^ 

• Draw pictures of the kinds of work they do arid the kinds of work (jobs) mothers and 
fathers do. Each picture shouW be analyzed for fts scientific definition of work. 

• Pantomimes type of work. The children ti7 to guess what the work is. 

• Write cooperative stories about 'T'he Work lDo,'"The Work Mothers i}o/* 'The Work 
Fathers Do"* and "Neighbors— People in the School and Community." 

• Bring in or paint pictures which show work being done for a bulletin board display. 
The children tell about the work being done in their pictures. 

• Select pictures from a collection of those on the bulletin board. (Some show work be- 
ing done and some not.) Place the word work beneath each pictufe which shows 
something moving or changing in some way. Describe what could be done to move or 

^ change the items in the pictures where work is not happening. 

• Make a scrapbook of original or commercial pictures of work being done. Children 
could write rebus and creative stories or captions for the pictures telling what is 

' being moved or changed. 

• 

• Hear resource people, see films and go on field trips as (earning experiences about 
work. The understandings that work occurs when something is moved or changed are 
emphasized. , « 
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• Illustrate the work animals do by observing, either firsthand or through visuals, birds 
building nests and feeding their young, wasps or bees building their homes, ants (use 
an ant farm) at work. * * 



Concept B. Energy for Our Bodies and Where It Comes From 

INSTRUCTIONAL OB'JECTIVE: 

To help children understand why our bodies need energy and where that energy comes 
from. 

POINTS FOR EMPHASIS: 

• Our bodies need energy in order to move or change in any way. 

• Energy is being- able to do work. 

• The enerjgy our bodies ne^ comes from the food we eat. 

• Our bodies work in the sense that parts of our bodies move and change. 

LEARNING ACTIVITIES: 

The children may: 

• Do a short series of physical exercises, walk, hop, skip! jog and run a measured dis- 
. tance. Ask the children to determine whjch method of movement required the most 

work and to tell why. 

• Find pictures of different types of food and try to classify the foods as primarily plant 
or primarily animal. 

• Discuss the parts of plants which we eat: stems, roots, leaves, seeiJs. 

• Discuss which animals give us beef, pork and other meats/ What, in turn, are the 
foofSs for these animals? 

• Make a cooperatively developed bulletin board entitled "Where We Get Our Energy. " 

• Identify the plant and .animal components of such foods as bread, pizza, a milkshake, a 
# hamburger ; 

• Discuss why it is important to eat three well-balanced meals per day and draw pic- 
tures of weH-balanced meals. 

• Discover and discuss the chain of life-cycle. 

Concept C. Energy All Around Us 



INSTRUCTIONAL OBJECTIVE: ' ' ' 

To expandahe children's concept of energy from themselves to the world around them. 

POINTS FQR EMPHASIS: 

• Energy is all around us. ^ 

• VVe cannot see energy. ^ , * • * 
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• People have energy. 

• Aniiinals have energy. 

- • The wind has energy. * " " ? » . 

• Water has energy. " 

• The sun has energy. — • . 

» ■ * - ♦ 

. Energy is being able to do work. ^ ^ 

•* Work happens vvhen something moves or cha.nges. 

LEARNING ACTTVITIES: . 

Children can and do gather new information much as scieatists do. by observing, asking 
people, visiting places, experimenting and reading. Childreh can b?' scientists ih finding 
/ out about sources of energy. - • ; 

They may: ' ' ' 

• Draw -pictures showing animals, tTie wind and water moving or changing in some 
way. • ^ , - ' 

• Stand a safe d[stance in front of a fan to feel theicJ^ce of the air. Face one fan against 
another (two feet apart). Turn on one. The other'will be driven by thfe wind, (Energy 
transfer). , . • 

• Observe the energy of thfe wind through the use of pinwheel^ kite, bubbles, sailing 
leaf or paper boats, running against the wind, pbserving me wirri bending tree 
bra/fches and moving objects on the playground. ' 

• Observe, wind at work by making- and watching a weather van^ or windsock and by 
seeing the effect of a fan on a roller skate. 

Make an'energy bulletin board-^use pictures otarrimals, pinwheels, windmills, boats 
or watec as headings. Children paint pictures of how these energy sources vyork. 

• .Make up riddles about sources of energy. Example. No one can see me. I blow and 
push.A/Vho am I? ' • ' , . 

• Observe an animal to see the many different ways the animal moves or changes 
things (tadpoles, ant farm, fish. Hamster, gejbil). Changes are most dramatic with 
amphibians or^mealworms or chrysalis (cocoon). 

• Put their hands under running weiter from a faucet to feel the force of the water. With* 
a plastic coffee can top,-make a water/wind wheel. 

• Observe the movement of the water in a nearby body, of watejr. 

• Have a tug of War or bounce ballfe on the playground to observe the energy used by 
children. ^ 



Concept D. Energy for Maphines and- Where. It Comes From 

INSTRUCTIONAL OBJECTIVE: 

To help phildren understand what machjnes are^and how they change energy into useful 
/Work. . . ^ * < 
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POINTS FOR EMPHASIS; • * 

#. M&chmes can do useful work. - ^ 

• Machines are made by people. 

• Machines change energy into useful work, 

• 'Different machines change different kinds of energy into useful wcJrK. 

L^RNING ACTIVITIES: ^ • . - . 

The children may: ' . - * . 

. • Experiment with a flat sled and a roiler.skate, BakerV twine is^attaiched to sled and to 
skate Books or other weights are put on each. Students pull sfed and skate. Which 13 
easier^ Which can do most work? Load them both until string snaps. With whith 
machine is more energy used? , 

• ♦Draw pictures of at least five machines found at home. 

• Hach bring m an example of a macfiinfe and show how- it moves or changes 
something. ' ' « 4 ' * ' * ^ ^ 
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• Name machines in a bulletin board display and tellfwhat work each does. 

• Make and defT\onstrate the use of an^incljned plane, wheel, lever, and pulley. Bring" to 
class toys which h^ve one or more cff' these parts. * 

Do demonstrations using simple machines and explain how the^ work. ' , 

• Identify and analyze uems in classroom according to definition o^hachine. Is'the light 
switch ^machine? Pencil sharpener? * * . " 

• Divide.up^into small "detective agencie^s" and have a contest to see whjch group can 
come up with th^ largest number of magazine pictures of .different types of machines. 

• Talk aboutCwKy peopfe and animals are likemachines. V 
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•>• • , • UNrr'2: ENERGY FOR TOD/cV AND TOMORROW 

' . .. . -■■ .. " • , -J 

UNiT PURPOSE: . - . *5 ' • 

To help children tep.m about the major soiirces of energy which we use* 

ENABilNG^'dNCEPTS: . , . • ^ - V- 

•A. Today's energy sources and;why v/§ use. them - \ " . " 
B. The major energy sources used today are nonrenewable^ 
*. C. New energy souVces. for the future 



Concept A. Today's Energ^'Soufces and Why We U^e Them 

INSTRUCTIONAL OBJECTIVE: - , Y - ' ^ 

To malje the children aware of ^ the major energy sources used today and why.^ve use' 
these sources. * * / r ; . * ' ^ - 

. . > • . ■ ■ • ■• 

POINTS FOR EMPHASIS: /' - 

• The.major energy source wa use todlay'are oil, natural ^as and coal. 

. . These sodrces of energy^re stored m the ea^th. , • - 

• The major reasons we u^e oil. natural gas and foal as energy source^^^rejb^jhey 
gre relativrely easy to obtain and to traircsport. ' ' 

LEAR;S1ING AeTIVITIES: ' W 

The children may. • ; ' • ^ 

• E)^ar^ine sampl/ss of oil and coal. " C>' • . 
Make a display of examples of fossil fuels and label them. 

* • Examine h fossil, e)^lore>jthe meaning of the word fossil, ajirfifscuss the way^.aOd 

• the long time it tgkes fossil fuel^ to bg formed. - . ~ ^ . . 

• Mafce leaf prints in plaster of Paris or clay to develop the. understanding pf fossils. . 
/ auild oil derndcs.vjitH straw$. \ ^ . ^ 

• Collect pictured of coal mines, oil derricks, gasoline pumps. 
• • 'Take -field trjp^a coal mine o^il field. 

.• Learn about static eFectficity by rubbing a comb with a woolen doth. 

^ ^ajtch <temonstration by the teacher osmg a Bonsen biSmer to show the heat and 
Irgbt qualities of natural "garf* 

. • Learn tl>at <toal and water energy are f$3eded ta ihaice electricity.. 

' * k 

• ^ • Learn how -electricity .wodcs ^y inviting children from the mkldle school to 
" de^onstfatS a burf!8r. bell 6r light beir>g activated by nn electric switch. 

• Categorize the machines thfey have in theit homes by the energy source they use. oil, 
natupel g&s^coal or electricity- * . * 



• Read stones about coaT^imers and oil drillers, 

• Discuss and write cooperative chart stories about how coal, oil^ natural gas and elec- 
/ • tricity are transported 

^Concept B, The- Major Energy Sources Used Today Are Nonrenewable 

INSTRUCTIONAL OBJECTIVE: . 

To make the children aware of the fact that the energy sources we use today Will not last 
forever When they grownup, there may ml bfe^these sources of energy. • . 

P01N.TS f OR EMPHASIS: 

• •'*Our energy sources are bemg used up rapidly because more peopte are using more 
energy.^ ' ^ - ' ' ^ ' . ■ .. . . 

• The major energy sources we use t,oday art nbnre'newable. / - 

LEARpilNG ACTIVITIES: / ; ' 

• The teacher brings to classS half dozen new boxe^ of crayons (balls, jumping ropes or 
other selected objects). The children count th^m. The teacher states these are all 

' . thene are. Two children afe invited to come to take cra'Von bo;c^. The teacher asks if 
there are enrtJugh left Three more children are invited to take crayon boxes. The 
children are asked about \Vhat*'i5"'happening to the supply and are reminded that there 
are nb more With the ohe iiox remaining, all of thachildren;kn the class are invited to 
come to get crayons. The teacher asks why all of the children can't have them. {The 
childreh are Iqd t^reatlzq that 1) there are ho mdre, 2}thatJarger numbers of children 
needed the smaller amount pf boxes, 3/ that.greai €ar$ shoutdbe taken of the crayons 
' which they have; and^) that the craye/fs 'wll rieed to-be shdredf. 

•* Learn the meaning 6f the word nonrejjew^ble by^ tearing apart theleaves. stems and 
roots of a plant arrd trying to, put the plant together in order that it will grow again. 
^^'{Humpty Oumpty may be another example}. 

• Th^ cVijIcfren' recall the fossil fuels (coal. oil. natural gas) and the teacher compares 
tHem with the destroyed plant in that they 9re no/^renewable. They, can be used iip. 

• Group disctissibns develop the understandrng oT what it would be like if we didn t 
.have oil and natural'g^s or if we had very fmie copl. Th^se ideas could be summarized 
in chart storifes . * - • _ ♦ 

Example WITHOUT OIL ' • ' => » ■ 

• — cars could nota-un ' * " • 

; . trucks could not carry fopd^n3*?tothing . . * / 

• — some homes would Se cold ^ * * * 

— people v^uld be out of work) ' * . t ■ ' 

' ' — we. could' nbt go pn vacations ^ ' \. - 

• Illustrate the chart WfTHOOT COAL-We Vfotthi^Not Wave— The cl^ildren draw pic- 
tures of t?ie work and products supplied by roal which would not exist. 

% Children pretend that there is no more electricity ^ra .describe all of the things they 
cobldh't do or have tjf there were no electilWfly They might rell and draw pictures of 
^ the things they woukJ miss the most 



Concept C. New Energy Sources for tile Future 

INSTRUQTIONAL OBJECTIVE:' 

To make children aware that other energy sourcejs maybe availabte m the future but that 
time will be needed to develop them. 

POINTS FOR EMPHASIS: ' > 

• Finding ways to make new energy sources work for , us is going to be more difficult 
than It was to make oil. natural gas and coal work for us. • ' 

• Energy from the sun is called sofar energy. Solar energy is one of.theljiggest sources 
of energy for the future It is renewable because the sun is sinning every day. even 
when the clouds cover it. . . ^ * - • 

• Some other renewable sources are wmd, water, the ocean tides, muscles, and using 

Lthe things we throw away. ' ' . 

NING ACTIVITIES: ' ^ 

The childref^ may** v ■ • 

• Make a cooperative list of indications of the sqn s heat. Examples— 1 . Comj^nng how 
it feels to sit in t^fe sun and in the shade. 2. Noting the melting of snow. 3. Taking 

^ tempera tij[fi;5 in sunny and shady rooms m the building. 4. Observing- that the sun 
driesmaterials. ' . • " 

• Make •^'sun" mobiles with drawing attached of the work the sun does.* 

• Discuss and list what work the sun's energy can do- 

• Make a simple windmill (four or five popsicte sticks with cardboard fan paddler glued 
to the stick). Drive the windmill with a fan. Discuss what work the wind may,do for us 

v^. that it is not being used to do today. • . * 

• .-^ 

• Demonstrate a radiometer— put m sun, then in shade. Make it move with flashlight, 
burning match, flash bulb. 

• * 

• Make shoebox gardens. Put some in the shade and others in the sun. Photograph or 
draw pictures of the various stages of plant growth to compare the two gardens and 
^hesun^role^ln their^rowth. ^ - 

.# Make a sundial by using one «hild as the dial and the^ther children to draw tfie 
shadow. What does this tell us about the sun? ^ 

• Use a garden hose to move objects on the playground. Discuss the work water power 
may do for us today. ' * ^ 

• View^motion pictures showing the ocean tides. Discuss thaforce of that ides and ^ow 
this^eiiergy may he used to perform work, ^ . 

• Empty the wastebasket and discuss what materials" in it could bfe uSe<J^ to njafe ' 
eneigy Introduce the vwwd conversion by tialking^about how these materials would 
have to be changed to be a source of energy. Make hsts of what we have lots of at 
hdme and in the community which are thrown away but could be jjsed to convert to 
energy, {Example: leaves, food cartpns). * \ 

• Mak^ My Energy Books Children draw pictures and write sentence stones about how^ 
. they can use their own energy to move or change things, Samples. Walking 16 

school. Having vacation close to home. ^ 
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.„.UNrr 3: ENERGY CONSERVATION 

UNIT PURPOSE:- ' * 

To mak^the children aware of what they can do to cor^serve energy as well as the <m- 
^ p6rfenc§ of Everyone's helping to save energy 

.BNABtn<R3 CONCEPTS: . 

A, The importance of conserving energy, 

B. VVhai we can do to conserve energy. 

^ C. Th^ importance of everyone's conserving energy. 

Concept A. The Importance of Conserving Energy 

INSTRUCTIONAL OBJECTIVE: 

To make chi>dren aware of the importance of saving energy. 

POINT FOR EMPHASIS: 

• The understandings of limited supply and the ne^ to share and to save are discussed 
• * by nrfeans of a ream of p&per which must last the entire class for a certain period of 
' time The children 'are asked what they could do to make the paper last longer for the 
use of all of the children m the group. The understanding of the word conservatTDP is 
the desired result. The conservation understanding is applied to -energy use both at 
home and ^t school. , . ^ - • 

• 

LEARNING ACTIVITIES: 

* The children may 



• 



Make up their own storjWjfteHing why it is mbon'^t td save energy. They might Il- 
lustrate these stories on snelf lining paper an^present'them 19 a simulated television 



set. 



• Play the "Refi;igerator Game." Ten items {eggsi milk, lettqce^ and so forth) must.be put 
into the refrigerator. Time the duration theVefrigerator is open. Then prepare a 
dinner— opening refrigerator eyeiy time you fteeltarrrtem.j?^gaui time^hasecpnds.By 
planning and organizing, onr can cut the tTme the door is open* thereby^ saving 
energy Transfer this to letting water run white brushing teetfi and other routine 
activities. • . . • 

* 

Concept B. What We Can Do To Conserve Energy 

INSTRUCTIONAL OBJECTIVE: 

T6 rnake children aware of the way^ in vvhich they can help save energy. 

POINTS FOR EMPHASIS: 

• People can save energy by not vy^sting things. Every bme ^mething is wasted, the 
energy that v^nt into producing it <s wasted. The waste of food, pencils/paper, paper 
tov^ls or anything else is a waste of energy 



Oo 
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• People can save energy by not misusing it. For example, nii^y things m every house 
fcise energy Some things that can be done to save ertergy at home and in school are 

— lowering ihe heat in the winter 

— wearing heavier clothing indoors iri the winter 

— keeping the doors and windows closed in cold weather to keep the warm air m 
. — turning off the radio or TV when they are not bemjg ^sed - 

— turning off lights that are not being used 

— not using 0>achines. to do work that people cou4d dajtast as v^l by themselves 

— v^kfng short distances rather than going in the car 

— using public transportation 
- — riding irt car pQols 

— reminding parents to drive at slower speeds 

— having fun at home.rather than asking to go distant places, 

EARNING ACTIVITIES: ' . * 

The children may 

' • N4ake a-list of all the things they intend to do in order to sgve energy in school- These* 
. may be incorporated in a progress chart. to be kept in a prominent place in the 
dassroqrp. At the^end of each day. the group's progress could" be recorded on ^he 
chfrr mis progr^ may be reported to other groups over the public address system 
or in energy -dbnservanon assemblies. . " 

• Make-a growing list of how energy is saved each day by the^jslass. 

Write indiwdual or cooperative stones about how energy may be saved at home. 

• Pafnt pictures of ways energy can be saved in homes. 

# , Report each day on one vyay in which energy was saved at home, 

' - Have-a puppjst show about hovL^to save energy. 

^^^t^Tfi^ake Indhridual energy conservsftto'n report cards which are marked by the ghikJ or 
' "famitj^ach week. • . , , i 

.*Cpncepte% The Importance 

' INSTRUCTIONAL 03UECTIVE: ^ ' ' . ' - - . ' * 

To make jjhikJren %ware of why kis.so imporjatrf for everyone* to conserve e'nergy. 

POINT-FOfl EMPHASiS: • ' 

• It is fmportant for everyone nol to waste but to sav^ energy m order that everyone 
' may share m itSAESe. > * ' . 

LEARNINQ ACTIVITIES:'! . ' ' 

The children may / ^ 

#' Draw "what theyifiink energy looks like." Have ^ group discussion in which children 
. can talk about theiMJfctures. ^ . . - 

#• Have a play about "how energy is ifsed in my home." 

•* Draw or write about w^y^ to conserve energy and^liscuss these ways. 
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• Help other people save energy by • ! 

• —.setting a good example and ' . , 
— by letting other pjeople knOvy , . . 

? — how important it is to save energy and 
^ — how they 6an go about saving energy. • , " • 

• Paint poster pictures showing how lo save energy aod display these around the 
school {Do Not Waste Paper, Wear Warm Clothes, Turn Off Lights When you Leave 
tbe RQom-). • , 

• Through creative dramatjcs, act out vsrays to save energy in the school. 
Write individual or cpbperative stories al?out saving energy, 

• .Horm anrenergy-saving club with the children, conductrn'^he meeting. - ' * 
Compete wth- another classroom on energy-saving games.X 

• Devise a plan to celebrate" everyboHy's 'birthday but .use dniy one box of birthday 
candles -^G^neralfy there are^24' "or 36 candles to a box.) dandles can be reused or 
only one used for aach^^celebration^ Get students to plan ionservajive measures so 
each'cetebratio'^'wilhbe equally nice. * • ^ ' ' 

• Make Save Energy badges (safety pins and cartort tops). • . . 

• Prepare a program and displays about energy'and energy conservation to shqw 
. parents at open house , • " • . • ' ^ 



MY ENERGY CONSERVAtlOlM CHECKLIST * 



L Some Ways fo Save Energy School - 


c 

D 


^ C 


I ^ 

• -o 2 

© -Q. 


. , • Conserve paper. • * 








" ' * . • 
Conserve crayons » ' • . ' 

■■ ■ " ■ ^ 








(Fill in -any additional items which the-stiidents / 
tend to waste \^ schooK) 




• 




• Turn the lights off if they are not being used. 








_ OthPr • . . 









II. Some Ways to Save Energy at Home 



Conserve food. 

» 








• Conserve water. 








(Fill in^ny.-additional items, which the students^end 
to waste at home.) 






f 


• Turn off lights when they are jiot being used. 








Turn off the /adio and TV when they are not in 
use. ' . ' 

: £ — 1. L : « I 








•L Keep the doorS and windows closed in cool or' 
cold weathet. - - ' • * 




y • ~ 




• Wear -Warmer clothes in cold weather so the 
temperature does not have to'be so high. 




$ 


* 

• 
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UNIT 1: WfctY ENERGY IS IMPORTANT TO US 



UNIT PURPOSE:- - 

To help students become aware of what energy is and the vital role it plays in our lives. 

ENABLING CONCEPTS: 

A. Work' What it is * * * 

B. Energy's relationship to work 

C. Using machines to change energy into useful work 

Corrcept At. Work; What Jt Is 
'.IMSTRUCTIONAL OBJECTIVE: 

To help students define work related to the concept of'en^rgy. 

POINTS FOR EiyiPHASIS:- ; . . , > . • 

» - • The scientific definition of work Scientists define work as a push or pull (a force) that 
causes an object or substance to move or change m some way. {Example Writing with 
cnalk, pencil or pen.) 

# Some work is not'comfpflediby ip^n. Work, can be done without maahavmg anything 
to do with rt. (Example's. .Plants growing, sun drying clothes, waterfaMsflibving rdcfo.) . 

• Map does work. Some df this yvork iS useful, some is wasrteful and s^me ^s harmful. 
(Examples. Useful-^constrtiction, wastefuJ^teaving fights on whfen not m use]" 

* harmful — exploding- bombs.) 




L€ARNING ACTIVITIES: 

Students may: ^ 

• JWnte the definitions of the various types of work with an extended Ust of examples m 
^nergy^webooks. . . * 

Each pantomime a type of work and have the other students try to guess what type of 
* work it IS. " ' ' * 

"•.Play .a game by hayjng a student give a verb meanmg some type of vvork and the 
« others in the class make up a complete sentence using the verB. The verbs can be 
^ ^written on cards which are drawn for making up sentences about work. 

• Have a '^ug of War" in which no work is done--that means no movement — on 
' equilibrium of cancelling vector forces. 

• *Try to push the wffll down, lift a book.-push. one ^ hand* against the other. When 

something move^, work was done in scientific sense/ 

. * 

^ • In -small groups, ^prepare simple demonstrations of work and present them to the 
class. (Sample task, constructing a papier mache hea'd using a balloon as a bas^.] The 
other students may record how many objects or substances were moved or chsm^d 
m the course of the demonstration. 



• Visit the playgroiind and make a list of the different ways in which play is actually 
.-work.- • ; . . 

r • 

• Construct lists of work done by mam, animals; wind, water. . , . 

• Construct a bulletin board shoyving by classification types of work which 'ar^ useful, 
wasteful or harmful/ 



Concept^, Energy's Relationship to Work 

INSTRUCTIONAL OBJECTIVE: • • • 

Ta help- students understand the relationship between work and energy. / 

POINTS FOR EMPHASIS: ^ ] ^ 

• fVerything has energy.' 

• Energy actually does work when it is an active ♦state. A match has the ability to do 
; work', but not until It is struck is it actually working, \ 

• Energy is either at rest or active. The nail's energy is at rest until'it is struck with a 
hammer The energy of the hammer is inactive until it is used by a person. Energy is 
the ability to do'work. • ' " 

• Energy must be used tO'Start or Slop arLobject.\ 

LEARNlNd ACTiyitlES: " . . . . " 

Students may: ' \ ' • • ♦ 

• Write the definition of ener^'in their-jenergy notebooks, 

• Collect pictures which show different types of work being performed and use the pic^ 
tures to set up a bulletin board display, ihe display may have a caption such as ... "It 
Takes Energy To Do Work." \ ^ 

• In ^mall groups, (Jfesign demonstrations ^showing energy bejng changed from the state 
of Test to an active state,^and then describe the work thatMras performed as proof that 
the energy was actually changed into an active state, bemonstraton example. Drive 

' • tv^ Identical nails into a two-by-four-inch pine block. Use ^ heavy hammer for the 
first Use a -tiny tack hammer for the second. Count number of blows. Let hammers 
fall— don't driye riail. Which was easiest? How much energy was used to accomplish . 
same task? / * ' *■ 

• Give examples of the force of water, wind, chemical action, magnetism, electricity. 

• Make diorc mas showing some type of energy causing work tcypccur, (Example. 'The 
^ • sun drying fish.) 

Concept C. Using Machines to Change Energy Into Useful Work 
INSTRUCTIONAL OBJECTIVE: 

I ■ 

To hetp students understand how energy and work relate to machines. 
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'"'•JJOINTS FOR EMPHASIS: 

• Machines are devices that change energy into useful work. Machines come m all 
Sizes and all shapes Some machines are very simple, and some are very complicated. 

• The type of machine used to change energy into useful work depends upon the type of 
energy source being used (mechanical, chemical, nuclear). 

• Machines increase speed, force^and change direction, 

LEARNING ACTIVITIES: 

Students may ' * 

• Write the definition of machine m energy notebooks. Include illustrations of simple 
and complex machines. 

• Study, construct and demonstrate the use of a lever, pulley, wheel and axle, inclined 
plane, wedge, windlass, ^nd gears. Compare these to such items as scrapers, 
hammers, scissors, bicycles and doorknobs. 

• Bring in actual samples of machines to demonstrate to the class. 

• Make lists or sketches of the machines used in homes, schools, farming and a 
selected industry such as construction 

• Assume the role of detectives to find out where electricity comes from. 

f Classify electrical appliances by the type of work they do (heat, light, make something 
move). * 

• Bring in pictures of machines and arrange them in a bulletin board display. The pic- 
tures may be classified by the type of energy source they convert into useful work 
(mechanical, chemical, nuclear). 

• Collect catalogue pictures for a scrapbook and write what each machine pictured 
does. • . • * 

• Make charts fo classify machines by the type of energy they use— electricity, wind, 
^ ' water, animal^ people. 



UNIT 2: ENERGY SOURCES* 

UNIT PURPOSE: 

To prjjvide students with an awareness of the many energy sources available to us. 

ENABLING CONCEPTS: 

A. The energy sources available on our planet 

B. The basic energy sources of today 

C. Energy sources for the future 

Concept A. The Energy Sources Available on Our Planet 

INSTRUCTIONAI, OBJECTIVE: 

To^ provide students with an overall picture of the available energy sources, with 
emphasisjupon renewable-nonrenewable dichotpmy. 

POINTS FOR EMPHASIS:, 

• Concept— The earth has three kinds of resources inexhaustible, renewable, and npn- 
renewable. 



Inexhaustible 


, Renewable 


Nonrenewable 








air 


wood 


gas 


*sun 




oil ' 


water 




coal * 


•The sun will continue to be our powerhouse. 



• Splar. nuclear and^geothermal sources of energy will power energy needs in the ^ 
future. • * 

• Finding new sources -depends upon: ' ^ % ' - , 

—seeking new materials . - ' - 

♦ 

— minimizing waste 

—learning how to wse fuel more efficiently. 

• Some energy sources are renewable. Solar energy, the earth's heat and tidal povver 
will last as long as our planet and sun last. These are called renewable energy * 
sources. , ' 

• Some ot our earth's energy sources are limited. If we keep using these energy sources, 
eventually the supply will run out. '^These are called exhausdSIe or nonrenewable 
energy sources The major exhaustible or nonrenewable energy sources oh earth are ' 
fossil fuels (coal, oil and natural gas). 
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''9 The basic energy sources used in the United States today are... 
; --oil (44%) 
—natural gas (3Z.0%) 

—coal (17.5%) . ' . , • \ . 

, — hydropower (4%) . ' ' ' . 

—nuclear power (1 .0%) 

—wood (1.4%)^ " ' ' , 

• The. major uses of energy in our society ttxlay are mdustrial, transportation) residential, 
and commercial. Much energy is lost in electricity generation. 

LEARNING ACTIVITIES: " / 

Students may: • . * < . , 

• Prepare summaries m energy notebooks that itemize the .major renewable "energy 

sources and the major nonrenewable energy sources-. 

. - ' ' / • ' 

• Prepare committee reports on yvhy the various types of fossil fuels are nonrenewable. 

• Obtain samples of the major energy sources— coSl. oil— for a display. Goke. cTiafco^l 
might be included. * . ' " ' 

• Resaarch- the different forms of oifand natural gas and their uses. 

• Research the different forms of icoal and their' uses. 

• Make a large scale mural showing energy sources. (Mining, oil derricks, hydropower, 
geothermal.) 

• Find out more about how nuclear reactors work and the types of fuel they use. 

• Take a^ field trip to a local coal mme, oil field or nuclear reactor facility. (SrGdehts take 

phb'tographs and slides.) . ' ' i 

• ' I' 

• Construct a bulldtjn board display showing the useh of energy by industrial, transporta- 
tion; reside'ntial and commercial categories. . ' * ' 

• Make an anemometer or wind gauge and demonstrate its use m determinmg the force 
of speed of-wind and its direction. . • . 

• DeiVjonstrate jet pYopulsion through thd use of a balloon. 

• Visit stream or river sites to discover and discuss the power bf water which causes 
erosfon and subsequent silt deposits which form deltas. 

• Research and discuss the force of freezing wdtfr such as in th$ glacial plains. 

Concept B. The Ba"§ic Energy Soui\:es of Today 

' • . . . . ■ 

INSTRUCTIONAL OBJElCTiVE: . . . 

To make students aware of the major energy sources utilized toclay and to emphasize the 
' fact that these are nonrenewable. » , • ' 



POINTS FOR EMPHASIS: 

: • 6il, natural gas and coal are the major energy sources m lise today. All ^re fossU fuels. 

• Fossil fuels make up more than 90% of the energy sources used m the United States 
today; Th6se fossil fuel^ all . . 

— are fouriij ^primarily within the earth, wHich often means Elaborate* extraction 
techniques ar« Required ^ , / 

— are stora^le and transportable ' * , 

— are largely burned, performing useful work with h^eat energy^ 

• — have important 'nonfueJ uses ^ . * 
■ \ . 

— alter the landscape in their extraction * ^ 

release pollutants into the air when used 

LEARNING ACtlVrrrES: ' • 

— - f • ^ 

^: ^luci^ts 1J)ay. ^ ' ''l • * . ' ' . ■ 

• Make various types of graphs showing the relative percentages of usb of both the ma- 
^ JOT and minor ener.g!^ sources in the United Stages today. This may t)ecome a "part, of 

their energy optebook.* . .. 

• Bring to class examples of fossils and discuss }iow' they were formed and how they 
" might relate to fossil fuels, , * \ . ' 

• Mak4 "fdssite^^^sbch 3C5 pJatsJ^htsf'Paris leaf prints. * ' ' . • ' . ' 

• Visit a highway cut to observer layers of various deposits in order to discuss how fossils 

• and fossil fuels were'lonmed. 

. • Cotistruct a chart showing f he types'ot energy used t)y the family. 

• Make maps ^howifig the location of the tna/pr energy sources used m \he United 
States todgy. ^ 

.# Obtain maps of the tbcatio*f?i of both t|\e major and minor energy soiurces in Ohio. 
% • Prepare reports on e.nergy s^ipply gnd demand. :> 

Prepare reports which teJI the "advantages and disadvantages of each of the fossil 

* % Make a time iine;|hpwing the growth in the use of fossil fuels. • ' , ' 

' • Report orv,tfte majof energy sources utilized in the community. Local resource people 
, , may •discu^' these energy sources.^- . ' . 

• Cd;n^'tr^ct a:bulletin board classifying fossil fuels and their relatecf uses. ' * 

• Have a panel 'discussion in which they debate the pros anc^cons of using fossil fuels. 

^. ; v:; /Concept C. Energy Sourcestor'the Future . ^ 



rilSlst^UCTIOfQAC OBJECTIVE: 



To make'students^Sw^j^ bf possible alternative energy sburces for the future.. 



POfNTS FOB EMPHASIS: . ' \ • 

• Future energy sources should have high energy potential. '^eVetnevable. easily ob- 
^tainaWe, efficient for conversion, safe,, healthful, arid environmentally 

■ •fioncontaminating . , * , 

New energy sources are being studied for .future use. Research is now being done ta 

• harness the followmg Energy sources for Uie future , ' 

a foss^J fuel sources oil shale, tar sands and coal gasification 

b natural or continuous sources geothermal, solar, tidal and wind. 

c other sources hydrogen, fuel, cells, magnets, hydrodynamics, burning of trash, 
nuclear fission /breeder reactors^ and thermonuclear fusion 

^ Several of th^e sources seem to have significant potential for future use 

LEARNING ACTIVITIES: . . ' . ' , 

, t • w * 

Students may • 

t , * * 

t Study to learn the meapjng of coa/ gastftcation, gjsothermH hydrodynamics, ther- 
monhclear fusion \^ 

• Compare the reJative beftefns of energy sources on the basis of the charactenstics of 
good energy sources. Small gcoops may each research^ one or two oi the energy 
sources, recorcfmg data on each of the. desirable characteristics for each energy 

' source -With the group" data corftpiled on the chalkboard, students may meet in com- 
mittees to study the data and recommend* whlch^ of the energy sources would be the- 
better choices for future use. 

• Prepare oral or written reports 'abou^ the characteristics of .energy sources. (High 
energy potential, obtainable, easily converted, safe and healthful, noncpmammating to 
the enviror^ent.) : 

Research and report on current developments m explorations for new energy sources 
and m mqjhods for* harnessing these new energy sources to perform useful work, 

• Collect magazine 'ar>d newspaper articles dealing with, energy sources for the future. 
The surrvnary of these activities may be included in a class or individuaJ energy 
nptebook. , ^ ' " 

• Invite a resource person to discuss current de;k/elopments in the search for energy ' 
sources for the future. • . • ^ 

• Study the careers vvhich*are related to the jdevelopmeftt of energy sources and the 
" o uses of energy. " ' 

* • Sort representative samples of school trasK to determinl potential utility of'^soned 
^tr^sh as a fuel. (Cafeteria: classrooms, library, office.*shop. gym.) ^ 

• AnalySe-domestic trash.^s ^ possible fuel sourjce. 

? • ^ • ^ 

• Ask for per/nission to analyze commercial/industrial v/a^te from a nearby plant for 
. possible^reqycling. . ' > " - > ^ * 

• ••Write ^out,some untapperf source which could bf converted into a new energy., 

source (Example' Throw-away trash ) * * ,i 

> . ' 1/ ' . 
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UNIT 3. THE ENERGY SITUATION AND WHAT WE CAN DO TO IMPROVE IT 
UNIT PURPOSE: 

To help students understand what the energy situation is and what must be.dofve to im- 
prove the situation today and ir^ the future. 

ENABLING COMCEPTS: ^ * 

A. How energy affects -our lives 

B. What we can learn from the energy crisis 

. C.The energy situation tdday and how we can improve it 
O.What we can do to prepare for the /uture 



Concept A, How Energy Affects Our Lives 



pJa^^n 



INSTRUCTIONAL OBJECTIVE: - 

jTo make student^ aware of the tremendous part energy pJa^ m our lives 
POINTS FOR EMPHASIS: , • 

• Earliest man rel>^d on his ^n energy (muscle^power) to do the work required to meet 
his basic needs. He had to make everything without using nonhuman energy sources 
or machines of any kind. , * 

• Today energy performs work through^ machines. There has been a rapid grov^h m the 
use of energy. , . . , 

LEARNING ACTIVITIES: . 

Students may: - * " * 

• "List the energy sources available to earliest man as well as those not available. For ex- 
ample: fire, animals, moving water, .wind, fossil fuel^^lectricity. 

Divide into small groups, each group to make three lists^^one indicating ways in which 
energy IS used in the school, one mdicatrngways m which energy is usedm the home, 
arid one indicating ways in which the students themselves use energy. Th^ students 
should include the type of work, type of energy ,'and machine used for each way listed. 

• Research the ways in vvhich nonhuman energy sources affect 

-rtransportatipn capabilities 

. —the roles and interaction' of family members 
i * ■ . ^ 

—food supply 

•* ' ft 

—location of homes * ^• 

—recreation ' o ' , • ' 

Stikten^ may present their research findings iri the form of d panel discussion, a 
. bulletin board display, or written or oral reports. 

• Plan a diary for a weekend cjuring wftich little "outside" energy would be used— i.e.. 
no bus, car transportation— no heating/air condftioT^ing;TV, phone. 
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• Make and caption a page for their energy notebooks which consists of a collage of 
magazine pictures illustrating tha many uses of energy m the .United States today 

• Prepare reports on the causes of the rapid growth in the uses of energy 

• Write creative stones which tell about what life would be like without a certam-kind of 
eftergy (Example electricity) 

M Write creative stOF4es about .usmg some new type of energy to produce materials. 

Concept B. What We Can Learn From the Energy Crisis 

INSTRUCTIONAL OBJECTIVE: 

To provide students with a rationale for the^need to conserve our foSSil fuels 
POINTS FOR EMPHASIS: 

• People have differing vievys on the nature of the energy crisis 

• Insufficient product and rapidly rising demand are the basic causes of the energy 
crisis The energy sh6aages*basically. occurred when our steadily increasmg demands 
for energy were not met because industries did not e^ctract and refme fossil fuels (our 
rnajor energy sources) fast enOugh. Legislation can encourage energy industries to in- 
crease the supply of fossil fuels to meet nsiog demands But that is only a temporary 
solution Our reserve supplies of fossil fuels will not lait forever. They have been used 
as if they^er^ inexhaustible 

• The energy ^isis has given us a warning of what will eventually happen if we 
J continue xo use fo^il fuels at the present rate. 

— do not identify new and renewable energy sources, and 

— do not develop tfie technology to utilize these, new s*ources. . • ' 

• The careful conservation of fossil fuels v^nll give us more time to develop technology to 
utilize new energy sources It takes a long time to develop the technology *jg utilize 
new energy sources We m,ust start rfow in order to prepare for the future. 

LEARNING ACTIVITIES: \ . 

Students may* * . • 

• Collect and report on newspaper articles dealing with evidences of local er^ergy 
shortages • - ' 

• Write an editorial on "What's Good About the Energy Crisis." * ^ 

• I nterv iew a vaaety of community members to find what energy shortages they have 
experiSnced ■ , - " " 

• Form an.energy saving committee to warn others of energy misuse and v^ste, 
• > 

Conoept C. The^ Energy Shortage today and What We Can Do Aboift It 

INSTRJUCTIONAL OBJECTIVE: * ' - • 

'^'""to'm^ students avyare of what they can do to hel0 ease the energy shortage today 

7i . . 
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POINTS FOR EMPHASIS: 

• Over the past 25 years there has bfeen a tremendous increase-ui the demand for 
energy 

• To a large extent, the increased energy demand is caused by the population increase 

and Its energy^ demands as well as industry's use of machines 
%/ " ' 

• Inefficient* rrtachines unnecessarily demand more energy More machines are being 
built that do not use energy efficiently. 

— While providing the sajne amount of cooling, some air conditioners use up to two 
and one-half 'times as much electricity as others 

— Frost-free refrigerators use 50 percent more electrjctty than standard models 

, • Learn to look for energy efficiency We can reduce the joss of energy by inefficient- 
machines It IS important that everyone be concerned abput buying machines that use 
energy efficiently. 8y us^g energy-efficient machines . . 

— more energy can saved on a nationwide level, and * 

— manufacturers will be encouraged to mak? products that are energy-efficient 

• List Simple actions that can conserve fenergy^ Our wasting of Energy has added un- 
necessanty to the trrcrease in the d^maml lor energy. We tend to waste energy ^n 
marry ways by wasting 

— products such as food, paper and pencils and the energy that went into mafang' 
them 

"* • • 

— usin^ nonhuman ener^yjto do things that we could do just as wejl by ourselves 

— doing such things as leaving the lights on when we are not using them ♦ 

• There are things we can do to he3p conserve energy 

LEAftN IN G ACTIVITIES: : . ' 

Students may 

• Develop the Energy Conservation checklisj. discussing each of the items in the 
'checklist in.order to answer any questions why a particular activity does in fact save 
'energy • * 

• Develop and use inventories to'xJetermme how energy is wastW at home and in public , 
places ' ^ o ^ 

• Make up mathematical problems related to energy conservation. Sample problem. It 
costs about $367 a year for the average family to operate a medium-sized car. h costs 

. about $235 a year for an average family to operate a compact car. How much money 
can the average family save by using a compact car? * 

These caabe exchange^ by students 

• Examine a weekly grocery bag. Bring the unnecessary packaging to school (Examples 
polyshrmk wrap on meat, cartons for toothpaste, aspirin, plastic bags for carrots, 
double wrap on frozen food ) 

• Write and produce a puppet sihow to tell about energy conservation measures. 

• Draw cartoons to illustrate current energy waste and methods of correcting it * 

• Role-play what ft would be iike if we haS no electricny, gasoline, or oi!. 

• Present a debate Energy Needs versus^ving the Environment. 
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Concept WJiarWe Can Do to Prepare for' the Future 

* * * . * 

~ ' ■ , * - 

INSTRUCTIONAL OBJECTIVE: 

To make students aware of what needs to be done and how they can help to insure the 
availabiirty of energy sources in the future ^• 

POINTS FOR feMPKASIS: 

• We must prepare now to insure adequate usable energy sources for the future^ We 
have seen the need for conserving energy to help ease the energy shortage iqday, but 
what about the future? Regardless of how well we conserve our nonrenewable energy 
scfUrces. eventually they will run out. We need to start now to prepare for this future,. 
We need to research and develop renewable energy sources. This is a big job and wiU 
take time. * 

• It IS important to 'conserve the energy sources currently in use to give us more time to 
prepare for the future If we conserve our present energy sources, we can increase the 

^ , time that we have to develop new energy sources. In order to conserve a significant 
amount of energy, EVERYONE has to help. ' - ^ 

• Everyone can help tonsure the availability of energy sources in the future by 

— conserving today's energy sounces, and 

— supporting research to develop new energy sources for the future/ * ' 

LEARNING J\CTIVmES: ' . ^ 

Students may . - 

• Research and/eport on careers directly related to energy conservation. 

• Read periodicals to learn about Jegislation which is bejng proposed or adopted re- 
' garding the energy situatibn. - ' 

> ' • 

^ • Design posters or wnl0 newspaper^editonals to convince people of the importance of 
planning ^ahead to insure adequate, usable energy sources for the future. 

• Hold an energy education fair where sftudent-prepared models and charts are dis- 
played. ^ \ t 

* ' • List all the ways in which they personally can save energy both at home and in school. 

• Organizfe an energy club to be a ""Clearinghouse" for recycling information— i.e., 
newspapers, fhagazines, aluminum cans, glass, Christmas cards, egg cartons, and 
other throwaways. Challenge stutjents to find another, {perhaps creative) use for our 

.disposable trash items, ' ^ 

• Hold class and student council meeting's to propose and adopt through student vote 
ways that energy may be conserved in the sch6ol. \ ' * . • . 

• Have a media show made up of slides o( energy sources and types of work,'taken and 
described by stuclents * ^ ^ 

• Prepare and publish a school newspaper about energy and Sffergy conservation 

• Maintain a collection of library books and periodicals to be-researched-asa basis for 
oral and written reports. ' 
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Jobn R.. ^*«cksffof^, fVt»$?de'^t -65 Soutr Front Str-tet ^ VcrtTr \V , Essex, Secretory 

WilliofT H. Cossl^f, V.cv-Pr<?$ident CoiL"'D;^s, CKo .13215 Superiotervdent of Public Instruction 



RESOLUTION CONCERNING ENERGY USE CRISIS 



WHEREAS, this Board views with great alarm the prospect that many 
schools may have to close or programs may have to be elimi- 
natei^due to the energy crisis, and 

WHERE/s/s, understanding this magnitude of the operation of the schools 
and their far-reachmg impact should be made known and fully 
considered m any action which may be taken, such as. con- 
tracts with employees, including teachers, administrators, sec- 
retaries, custodians, bus drivers, cooks.-and others: contracts 
\ with vanousv^yppliers of services and materials: difficulties 

associated with conflicts of summer commitments of teachers 
and pupils, plans of students related to graduation schedules 
.and entrance to higher education institutions; and 

WHfeREAS/a majority of Ohio citizens are directly affected by the atten- 
d^oee ot pupils in elementary and secondary schools, including 
work schedules of many parents which .depend on chilclren 
being in school: and ^ 



WHEREAS, the transportation o"f more than 1.250,000 pupils eacfi day to 
public 3nd nonpublic school would cause additional use of 
school buses if schools were cfosed unevenly: and 

WHEREAS, the closing of schools would have |ittle effect on the total 

V national fuel supply if such action* were taken unilaterafly: and '* 

WHEREAS, the antijjipated energy crisis is national and international 4n 
scope and policies on fuel usage by the schools of Ohio are 
related to national and stattf policies yet to be.formuiated by the 
^President, the Congress, the Governor of Ohio, and the ' 
Ohio General. Assetnblyrarfc ^ 

WHEREAS., a definite^ national or state policy has not yet been formulated 
^ue to urvcertamties regarding fuel supplies and other faptors; 
and ^ ^ • 

e 

WHEREAS, this Board is without legal authority to close the schools of 

Ohio, to^appi^ove a foi/r-day week, or to ord^r other changes m 

scheduled days of instruction; and * ^ 

• ■ • » 

WHEREAS, the months of January apd February are -usually the coldes^ ^ 
months of the winter, and as such appear to be^he most'logical 
• times for curtailing school schedules if jsuctt becomes neces- 
sary, and 
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WHEREAS, conservation measures, if adopted uniformly^by all Americans. 

combined with a mild- winter, might result in. maintenance of 
scheduled school days throughout the winter; and 

WHEREAS, action of this Board in September and October of this year has 
■resulted in a statewide^surve^of need and^the formulation-of 
. "Guidelines for the Conservation of Energy in Ohio Schools". 

BE IT FURTHER RESOLVED, That the -Guidelines for the Conservation of 
Energy in Ohio Schools * be, and they hereby are. adopted; and 

BE IT FURTHER REjSOLVED, That this Board invpkes the following five-fold 
program' in meeting the anticipated fuel emergency crisis: 
1. Continue .|o process emergency needs of schools. 
2 Distribute Guidelines for the Conservation of Energy m Ohio 
Schools. ' • • , 

3. Assist local s6hool management in development of plans for 
the contingencies associated with the disruption of school 
calendars. 

4. Develop guidelines for securing buildinrgs in the evem of 
shutdowns dunng the period of row winter temperatures. 

5. Develop suitaWe instructional materials for teachers and 
students about the long-range energy crisis; and 

BE IT FURTHER RESOLVED, That the Superintendent of Public Instruction 
be. and hereby is, directed to act in concert with national au^ 
thorities. the Governor^nd members of the Ohfo Genera} As- * 
sembiy in the formulation of policy regarding energy usage by 
schools and the development of actjor^programs which may be 
, indicated when national and state policy is formulated, such 
• programs to be developed cooperatively with school boards. » 
superintendents, parents, and representatives^ of school em- 
ployee organizations. . V .* . 



// John R. IVteckstroth T 7^ Martin W. Essex ^ " ' 



President, ^tate Board of Education 
November 12. 1973' > * [9 jL' 
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Martin W. Essex 
Superintendent of Public Instru 




rules 

to help conserve fuel 
in schools 



1 
2 
3 
4 
5 
6 

7 



Lower thermostat settings' to 
"sweater comfort" 'heatingT 

Avoid" blocking heating vents pr air 
return grills with furniture or drapes.- 

Control room temperatu'res with 
thermostats, not by ^pening 
windows. 



Use limited' number of outside doors- 
keep doors closed when not in use. 

Reduce fresh air ventilation 
to the minimum required by 
state and local codes. 



Turn off unus'ed lights, and 
electrical eiti^uipment 

■ Establish a program of preventive 
.maintenance for iieating, water ' 
heating and food service e.quipment 



COOPERATION. CONSERVES ENERGY! 
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